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ABSTRACT

A classification of forest habitat types, as defined by plant asso-

ciations, is presented for coniferous forests south of the Mogollon
Rim and portions of the Colorado Plateau in Arizona. The study

area includes the Tonto, Prescott and Coronado National Forests;

and the Fort Apache, San Carlos and Hualapai Indian Reserva-

tions. From a sample of 312 reconnaissance plots, a total of 49

habitat types are defined within eight climax forest tree series.

Descriptions for each habitat type are provided along with tables

to portray the ecological distribution of characteristic species.

Information on soils, successional trends, management implica-

tions, and relationships to other habitat types of the Southwest is

also given for each habitat type. A key based on indicator plant

species is provided for field identification of the habitat types.

General environmental relationships among habitat types within

three major physiographic regions of Arizona are discussed.

Keywords: forest habitat types, plant associations, ecological dis-

tribution, coniferous forests, characteristic species
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A Classification of Forest Habitat Types Southern Arizona

and Portions of the Colorado Plateau

Esteban H. Muldavin, Robert L. DeVelice, and Frank Ronco, Jr.

INTRODUCTION

Forest lands of southern Arizona have extensive

timber, livestock, wildlife, water, and recreation re-

sources. Effective management of these forest re-

sources requires a thorough understanding of how
different land units respond to different management
practices and natural impacts. Toward this end, a

habitat type classification has been developed for

forests south of the Mogollon Rim and portions of

the Colorado Plateau to provide a simple yet effec-

tive framework for summarizing forest ecosystem

complexity to facilitate management.
Habitat type classifications are based on the con-

cept that climax natural vegetation integrates all im-

pinging environmental factors (Daubenmire 1976),

and may thus provide a framework for easily observ-

able ecosystem indicators. The natural vegetation of

a landscape is classified into fundamental units of

plant associations, based on differential species com-

position. Land units capable of supporting a given

plant association at climax are defined as the same
habitat type (Daubenmire 1968). A habitat type can

be denned by such environmental characteristics as

soils, landform, and position in local and regional

landscapes. A given habitat type encompasses a rela-

tively narrow range of biotic potential and, thus, a

relatively narrow range of management options.

Currently, more than 30 habitat type classifications

are available in the western United States as sum-
marized by Pfister (1981). Growing use of these clas-

sifications throughout the West supports the value

of the habitat type classification system for provid-

ing an ecologically based method of delineating eco-

systems (Layser 1974). Additionally, habitat types

provide a common system for improving communi-
cation among diverse investigators and aid in im-

proving sampling design and experimental layout

(Pfister et al. 1977).

In the Southwest, habitat type classifications have

been completed for southern Colorado, New Mexico,

and Arizona (Alexander et al. 1984a, 1984b; 1987; De-

Velice et al. 1986; Fitzhugh et al. 1987; Hanks et al. 1983).

These classifications are of limited usefulness in forests

south of the Mogollon Rim because these forests have

a strong Sierra Madrean floristic component that is

poorly represented or absent in other areas of the South-

west. Moir and Ludwig (1979) described mixed conifer

and spruce-fir forests in the area, but did not sample

Pinus ponderosa, P. leiophylla, or P. engelmannii forests.

There have been intensive studies of the vegeta-

tion of individual mountain ranges in Arizona.

Blumer (1909) and Sawyer and Kinraide (1980)

sampled vegetation in the Chiricahua Mountains.

Shreve (1919) and Martin and Fletcher (1943) de-

scribed vegetation patterns in the Pinaleno Moun-
tains. Whittaker and Niering (1964, 1965, 1968a,

1968b) and Niering and Lowe (1984) sampled veg-

etation in the Santa Catalina Mountains and broadly

denned community types based on gradient analy-

sis. Wallmo (1955) described forest communities of

the Huachuca Mountains. These studies generally

were confined to limited areas or did not attempt to

classify the forests into units of similar vegetation.

The exception is Brown et al. (1979), who have pro-

vided a framework for classification of all vegetation

in the Southwest. Currently, this classification is pri-

marily applied at the series level and above.

Our purpose here is to describe, as comprehen-

sively as possible, all forest communities south of the

Mogollon Rim and portions of the Colorado Plateau

at the level of the habitat type (plant association), or

lower (phase) if possible. This report incorporates

data from the eastern Coronado National Forest

(DeVelice and Ludwig 1983); the western Coronado,

Tonto and Prescott National Forests (Muldavin et al.

1986a); and the San Carlos, Fort Apache, and Hua-
lapai Indian Reservations (Muldavin et al. 1986b).
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STUDY AREA

The study area encompasses most of the forested

areas south of the Mogollon Rim in Arizona and por-

tions of the Colorado Plateau. The areas included are

those that support one or more of the following co-

niferous tree species: Picea engelmannii, Abies

lasiocarpa, Picea pungens, Abies concolor, Pseudotsuga

menziesii, Pinus ponderosa, Pinus engelmannii, and
Pinus leiophylla.

Physiography

The study area is conveniently delineated into

three physiographic regions: the Basin Ranges, Cen-

tral Highlands, and the Plateau (fig. 1). These corre-

spond respectively to the Southeast, Central, and
Plateau geographic sections outlined by Sellers and
Hill (1974).

Basin Ranges Region
This region of southeast Arizona falls within the

larger Mountain or Mexican Highlands Section of the

Basin and Ranges Physiographic Province described

by Wilson (1962) and Hayes (1969). Since our study

is confined to the mountainous areas only, we have

simplified the name to Basin Ranges Region. It is

characterized by steep, rugged, north to northwest

trending fault block and volcanic ranges separated

by wide, aggregated desert basins. Ranges studied

include the Santa Catalina, Rincon, Santa Rita,

Patagonia, Huachuca, Whetstone, Dragoon, Galiuro,

Pinaleno, Santa Terresa, Peloncillo, and Chiricahua

Mountains of the Coronado National Forest. Also

included is the eastern Nantac Rim of the Nantanes

Plateau of the San Carlos Indian Reservation. Eleva-

tions of study sites range from 5,500 to 10,700 feet

(1,675 to 3,260 m). Geologically, these ranges are a

complex mosaic dominated by volcanic rocks, pri-

marily rhyolite, along with igneous intrusive and
metamorphic rocks (granite, diorite, gneiss, and
schist). Sedimentary limestone and sandstone rocks

can also be intermixed.

Central Highlands Region
This area of central Arizona is characterized by

eroded sedimentary and volcanic remnants of the

Colorado Plateau (primarily sandstones and basalts

of the Mogollon Plateau), and exposed Pre-Cambrian
intrusives (granite and andesite). Hayes (1969) re-

ferred to this area as the Tonto Section of the Colo-

rado Plateau Physiographic Province. Wilson (1962)

considered it, in part, a transition zone between the

Basin and Ranges and the Colorado Plateau Physi-

ographic Provinces, and as part of a Mountain Re-

gion of the Basin and Ranges Physiographic Prov-

ince. Major mountainous areas studied include the

Bradshaw Mountains and Juniper Mesa of the

Prescott National Forest; the Mazatzal and Pinal

Mountains, and the Sierra Ancha of the Tonto Na-
tional Forest; along the base and face of the Mogollon

Rim of the Tonto National Forest and Fort Apache
Indian Reservation; and the western Nantanes Plateau

of the San Carlos Indian Reservation. Elevations stud-

ied range from 5,000 to 7,800 feet (1,525 to 2,380 m).

Plateau Region
This region of northern Arizona comprises the

southern edge of the Colorado Plateau Physiographic

Province described by Hayes (1969) and Wilson

(1962). It includes the Mogollon Plateau, the

Coconino Plateau, and the White Mountains. This

study covers only the sedimentary Aubrey Cliffs

portion of the Coconino Plateau on the Hualapai In-

dian Reservation, and the basaltic White Mountains

on the FortApache Indian Reservation. Elevations stud-

ied range from 6,000 to 11,400 feet (1,830 to 3,475 m).

Climate

The general climatic parameters of each physi-

ographic region are presented in table 1. The Basin

Ranges Region tends to be warmer and drier than

the other two regions. Note the high percentage of

summer ("July") precipitation in the Basin Ranges.

This is a reflection of the summer "Arizona Mon-
soon" rains which are most strongly felt in the south-

east corner of the state and diminish in frequency

and intensity westward. The Central Highlands Re-

gion, by contrast, is cooler and wetter, but precipita-

tion occurs predominantly in winter as a result of

sustained winter storms moving inland from the

Pacific Ocean. The Plateau Region is the coldest and

wettest of the three regions and it has a tendency to-

wards a dominance by summer precipitation.

METHODS

Field Procedures

The development of the habitat type classification

follows the concept as outlined by Daubenmire (1952,

2



STATE OF ARIZONA

Scale:

50 miles

Figure 1 .—Physiographic regions of the study area (Sellers and Hill 1974).
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Table 1. Climate parameters for the three major physiographic regions of the study area.

Region

Mean Annual'

Precip.

(in.)

Mean Percent2

Winter Precip.

(in.)

Mean July3

Temp.(8,000 ft)

(C)

Mean January1

Temp.(8,000 ft)

(C)

Plateau 19.4 45 14.4 -3.3

Central Highlands 18.9 55 15.5 -1.2

Basin Ranges 14.4 35 16.7 +0.6

'Sellers and Hill (1974).
2Extrapolated from maps of Carlston and Brown (1983).
3Derived by applying a summer lapse rate of 5.5 degrees Celsius per 1000 feet of elevation to regional weather station data of Sellers

and Hill (1974).

"Derived by applying a winter lapse rate of 4.0 degrees Celsius per 1000 feet of elevation to regional weather station data of Sellers

and Hill (1974).

1976). Specific methodologies used in sampling and
analysis follow Moir and Ludwig (1983) and Pfister

and Arno (1980).

Prior to beginning field work, a literature search

dealing with historical land use and ecology of for-

ests in the study area was undertaken (Muldavin et

al. 1983a). In addition, Forest Service personnel

within specific ranger districts were interviewed for

information available from unpublished reports and
resource management maps. Using this background

information, a specific strategy for studying the for-

ests of the study area was formulated (Muldavin et

al. 1983b).

Sample plots 375 square meters in size were estab-

lished within stands of climax or near-climax veg-

etation. Areas severely overgrazed, harvested, treated

with herbicide, mechanically disturbed, artificially

seeded, or irrigated were not sampled. Plots were

restricted to portions of stands that appeared rela-

tively uniform with regard to topography and veg-

etation structure and composition. Efforts were made
to locate plots to accurately represent tree and under-

growth composition, and visible site factors of the stand.

Both reconnaissance plots and analytical plots were

included in the sample of plots at a ratio of about

4:1, respectively. Analytic plots were used to check

and calibrate the accuracy of vegetation coverage as

estimated by the reconnaissance plot method (Pfister

and Arno 1980). Plot information included density

of tree species in 2-inch diameter breast height (d.b.h.)

classes; visually estimated percent cover of shrubs

and herbs; and site characteristics such as slope, as-

pect, elevation, and topography. Soil profiles were
described from pits dug in the center of each plot.

Soils were classified to the subgroup level of soil tax-

onomy (USDA Soil Conservation Service 1975). Age,

height, and d.b.h. were measured from as many as

three open-grown trees in each plot for site index

determinations. Plots were located on 15 or 7.5

minute U.S. Geographic Survey topographic maps
and documented with three photographs. (For de-

tails see Daubenmire and Daubenmire 1968, Franklin

et al. 1970, Moir and Ludwig 1983, and Pfister and

Arno 1980).

We established 312 plots throughout the study

area. Table 2 outlines the distribution of plots by habi-

tat type. Sampling was concentrated in habitat types

that were under-sampled or not described in previ-

ous studies. Plots were geographically widely dis-

tributed to sample the range of variation within habi-

tat types. There was no a priori allocation of plots by
national forest, Indian reservation, or other admin-

istrative unit.

Data Analysis

At the end of each field season, plant voucher

specimens were identified and field identifications

were corrected. All floristic and site data were com-

puter coded in a standard format used in previous

habitat classifications in the Southwest (Alexander

et al. 1984a, b, 1987; DeVelice et al. 1986; Fitzhugh et

al. 1987).

The total set of 312 plots was analyzed using the

successive approximation classification strategy out-

lined by Pfister and Arno (1980) and Moir and

Ludwig (1983). Stand table manipulations (Shimwell

1971) and ordination (Pielou 1977) were used to de-

velop the habitat type classification. Evaluation of

the objective results obtained by quantitative analy-

ses was tempered by subjective ecological judgment

(Williams 1967).
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Table 2. List of series, habitat types (HT), and phases (PH) of southern Arizona and portions of the Colorado Plateau.

Series Number
Habitat Type Abbreviation of plots

P/ceo engelmanii Series

P/ceo engelmannll/Moss PiEN/MossHT 1

P/ceo engelmannil/Carex foenea PIEN/CAFO HT 2

P/ceo engelmannllIAcer glabrum PIEN/ACGL HT 4

P/ceo engelmannli/ Erigeron exlmlus PIEN/EREX HT 2

Abies lasiocarpa Series

Abies laslocarpa/ Moss ABLA/Moss HT 2

Abies lasiocarpa I Vaccinium myrtillus ABLA/VAMY HT 3

Abies lasiocarpaIVaccinium myrtlllus-Rubus parviflorus ABLA/VAMY-RUPA HT 1

Abies lasiocarpa/Rubus parviflorus ABLA/RUPA HT 1

Abies lasiocarpa/Erigeron exlmius ABLA/EREX HT 2

Abies lasiocarpa/Jamesia americana ABLA/JAAM HT 1

P/ceo pungens Series

P/ceo pungens/Juniperus communis PIPU/JUCO HT 1

P/cea pungens IErigeron eximlus PIPU/EREX HT 1

P/ceo pungens i'Festuca arizonica PIPU/FEAR HT 2

Abies concolor Series

Abies concolor/Vaccinium myrtlllus ABCO/VAMY HT 1

Afo/es concolor/Carex foenea ABCO/CAFO HT 3

Abies concolor/Berberls repens ABCO/BERE HT 7

Abies concolor/Acer glabrum ABCO/ACGL HT 5

Abies concolor/Erigeron eximius ABCO/EREX HT

Valeriana arizonica phase VAAR PH 2

Abies concolor/Quercus gambelli ABCO/QUGA HT 8

Abies concolor/Acer grandidentatum ABCO/ACGR HT 5

Abies concolorIJuglans major ABCO/JUMA HT 1

Pseudotsuga menziesii Series

Pseudotsuga menziesii/Sparse PSME/Sparse HT 2

Pseudotsuga menziesii/Muhlenbergia virescens PSME/MUVI HT 12

Pseudotsuga menziesii/Muhlenbergia montana PSME/MUMO HT 1

Pseudotsuga menziesii/Quercus gambelli PSME/QUGA HT 19

Pseudotsuga menziesii/Acer granditentatum PSME/ACGR HT 2

Pseudotsuga menziesiiI Quercus rugosa PSME/QURU HT 6

Pseudotsuga menziesiiIQuercus hypoleucoldes PSME/QUHY HT 5

Pseudotsuga menziesii/Quercus arizonica PSME/QUAR HT 5

Pinus ponderosa Series

Pinus ponderosa/Festuca arizonica

Pinus ponderosa IMuhlenbergia virescens

Pinus ponderosaIMuhlenbergia montana
Pinus ponderosa/ Quercus gambelli

Quercus gambelli phase
Bouteloua gracilis phase
Pinus edulis phase
Muhlenbergia longillgula phase

Pinus ponderosa IBouteloua gracilis

Bouteloua gracilis phase
Artemisia tridentafa phase

Pinus ponderosa/Juglans major

Pinus ponderosa/Acer grandidentatum
Pinus ponderosa/ Quercus rugosa

Pinus ponderosa/Quercus hypoleucoldes

Pinus ponderosa/ Quercus arizonica

Quercus arizonica phase
Bouteloua gracilis phase

continued on next page

PIPO/FEAR HT 1

PIPO/MUVI HT 12

PIPO/MUMO HT 3

PIPO/QUGA HT

QUGA PH 9

BOGR PH 12

PIED PH 6

MULO PH 4

PIPO/BOGR HT

BOGR PH 3

ARTR PH 1

PIPO/JUMAHT 4

PIPO/ACGR HT 2

PIPO/QURU HT 10

PIPO/QUHY HT 22

PIPO/QUAR HT

QUAR PH 29

BOGR PH 5
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Table 2 (continued). List of series, habitat types (HT), and phases (PH) of southern Arizona and portions of the Colorado Plateau.

Series Number
Habitat Type Abbreviation of plots

Pinus ponderosa 1 Quercus emoryi PIPO/QUEM HT 19

Pinus ponderosa/Arctostaphylos pungens PIPO/ARPU HT 12

Pinus engelmannii Series

Pinus engelmannii/ Quercus rugosa PINEN/QURU HT 1

Pinus engelmannii/Quercus hypoleucoides PINEN/QUHY HT 6

Pinus engelmannii 1Muhlenbergia longiligula PINEN/MULO HT

Muhlenbergia longiligula phase MULO PH 1

Quercus arizonica phase QUAR PH 1

Quercus emoryi phase QUEM PH 1

Pinus leiophylla Series

Pinus leiophylla/ Quercus hypoleucoides PILE/QUHY HT 10

Pinus leiophylla 1 Quercus arizonica PILE/QUAR HT 6

Pinus leiophylla/ Quercus emoryi PILE/QUEM HT 7

Pinus leiophylla/Piptochaetium fimbriatum PILE/PIF! HT 7

Pinus leiophylla/Arctostaphylos pungens PILE/ARPU HT 9

Plots were grouped according to the tree species

that showed the strongest evidence of self-perpetua-

tion, i.e., the climax tree species. This is termed the

"series" level of the classification (Hoffman and
Alexander 1976). Each series was then subdivided

based on the dominant or characteristic undergrowth

species in the climax community. Thus, habitat type

names are two-part. For example, the first part of the

name in the Pinus ponderosa/ Quercus hypoleucoides HT
refers to the climax tree species, and the second part

refers to the climax undergrowth indicator species

(Pfister and Arno 1980). In some instances, the habi-

tat type name may contain two undergrowth spe-

cies separated by a hyphen to indicate that the habi-

tat type is characterized by the occurrence of both

species. Habitat types could be further subdivided

into Phases (subassociations) which either represent

floristic variants of typical habitat type (Typic phase),

or potential habitat types for which there is not yet

enough data available to recognize a distinct habitat

type. Names were chosen for brevity and for appro-

priateness in conveying a sense of a given range of

environmental conditions. The name does not imply

that the only species in the stand are those given in

the name. Codominance of two or more tree species

at climax and the occurrence of 30 or more under-

growth species is common.
Site indices for Pseudotsuga menziesii and Pinus pon-

derosa were determined in habitat types where theywere

dominant or codominant using the curves of Edminster

and Jump (1976) and Minor (1964), respectively. Tim-

ber productivity was rated as follows: low = site index

54 or less, moderate = 55-74, and high = 75 and above.

The final result is a classification of forest commu-
nities, hierarchically arranged by climax tree series,

and then by habitat types. A dichotomous key to the

habitat types, based primarily on vegetative charac-

teristics, is included. Descriptions for each habitat

type are provided which detail the vegetation com-

position and successional trends, physical setting,

adjacent habitat types, ecotones, management impli-

cations, and relationships to other habitat type clas-

sifications in the Southwest and Rocky Mountains.

Such descriptions must be considered as a first ap-

proximation because they are based only on the data

gathered in developing the classification. More ac-

curate elucidation of these relationships would re-

quire specifically designed studies. Furthermore, cau-

tion is necessary in relating the habitat types de-

scribed here to those described in other areas; compo-

sition of the entire stand must be considered since the

species complement varies geographically (Pfister 1972).

Taxonomic Considerations

Nomenclature follows Kearney and Peebles (1951)

and Lehr (1978), except for revisions suggested in

Weber and Johnston (1979) and Correll and Johnston

(1970). Appendix A provides a comprehensive list of

species and their synonyms identified in this study.

Certain species can be difficult to identify in the

field. Particularly difficult was the identification of

6



Quercus arizonica versus Q. grisea, because a broad
spectrum of hybrids were commonly found. Over-

all, Q. arizonica is more common than Q. grisea in the

study area, particularly in the western part (Kearney

and Peebles 1951). Since the two are more or less eco-

logical equivalents, all specimens of this complex
were lumped under the name Q. arizonica in the habi-

tat type descriptions.

The closely related Pinus ponderosa var. scopulorum

(three-needled fascicles) and Pinus arizonica (five-

needled fascicles) both occur in the southern ranges

of the study area. Generally, P. ponderosa is found at

higher elevations than P. arizonica, but there can be a

relatively broad zone of overlap and hybridization

between the two Podge 1963; Peloquin 1971, 1984).

For purposes here, the two species have been
grouped together under P. ponderosa.

RESULTS

We described 49 habitat types among eight climax

tree series within the study area (table 2). Layser and
Schubert (1979) provide general series descriptions

for Southwestern forests. Seven of the eight forest

series they describe were found in the study area. In

addition, a new Pinus engelmannii series is defined

and described here.

Each habitat type is described in detail below. Most
of the descriptions relate to nonriparian forests hav-

ing soil profile development. Appendix B quantita-

tively summarizes the vegetation data by series and
habitat type that the descriptions are based on. Ap-
pendix C outlines the successional trends of the vari-

ous overstory trees by habitat type. In Appendix D,

keys to the series and habitat types, along with in-

structions for field use, are provided.

Habitat Type Descriptions

Each habitat type description contains sections on

geographical location, vegetation composition,

physical setting, adjacent habitat types, and com-
ments. A major habitat type is considered to be one

that has been well-documented in this or other stud-

ies and is of major geographical significance within

the study area. In contrast, a minor habitat type is

one that is documented by less than five plots, or is

of minor geographical significance.

Generally, the order of habitat types described is

from cool and moist to warm and dry environments,

roughly corresponding with high to low elevations.

Along with the full name of each habitat type, an

abbreviation using species codes is given followed

by the common name. "HT" stands for habitat type

and "PH" for phase.

DEFINITIONS

The following adjectives and nouns used in the

descriptions have specific meanings:

Plant Density or Coverage

Absent = species is not found in the habitat type.

Present = an associate of the habitat type.

Accidental = individuals are very infrequent, occa-

sional, or limited to special microsites.

Abundant = canopy coverage > 25%.

Common = canopy coverage > 1%

.

Scarce = canopy coverage < 1%

.

Dominant = density or cover is as great as, or greater

than, any other species of the same life form.

Luxuriant = canopy coverage > 50%.

Poorly represented = canopy coverage < 5%.

Well-represented = canopy coverage > 5%.

Ecological Temperature Regime
Cold = approximate mean annual temperature less

than 42.5°F (5.8°C), and corresponds generally

to the cryic soil temperature regime.

Cool = approximate mean annual temperature 45°F

(7.2°C) and corresponds generally to the frigid

soil temperature regime.

Mild = approximate mean annual temperature 50°

F (10°C) and corresponds generally to the cooler

end of the mesic soil temperature regime.

Warm = approximate mean annual temperature

>55°F (>13°C) and corresponds generally to the

warmer end of the mesic soil temperature

regime.

Ecological Moisture Regime
Xeric = approximate annual precipitation ranges

from 13 to 20 inches (33 to 50 cm), and corre-

sponds roughly to the wet end of the xeric soil

moisture regime and the very dry end of the ustic

soil moisture regime.

Dry mesic = approximate annual precipitation from

20 to 25 inches (51 to 63 cm), and corresponds

roughly to the dry end of the ustic soil moisture

regime.

Mesic = approximate annual precipitation from 25

to 30 inches (64 to 76 cm), and roughly corre-
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sponds to the moist end of the ustic soil mois-

ture regime.

Moist mesic = approximate annual precipitation 30+

inches (77+ cm), and corresponds roughly to the

udic soil moisture regime.

Life Forms
Graminoids = grasses and grasslike herbaceous

plants.

Forbs = nongrasslike herbaceous plants.

Herbs = graminoids + forbs.

Shrubs - woody, multi-stemmed plants, usually

less than three meters in height and lacking a

tree-like form. Also, large spiny rosettes such as

yucca or sotal.

Undergrowth = Graminoids + forbs + shrubs.

P/ceo engelmannii Series

This high-elevation series is characterized by a

dominance of Picea engelmannii and an absence of

Abies lasiocarpa. Representative habitat types of this

series are relatively rare south of the Mogollon Rim.

Picea engelmannii, while abundant in the White Moun-
tains of the Plateau Region, reaches the southwest-

ern limits of its distribution in the Pinaleno and
Chiricahua Mountains of the Basin Ranges.

P/ceo engelmannii/Moss Habitat Type
(PIEN/Moss HT; Engelmann spruce/moss)
Geographic location—This minor habitat type is

restricted to the highest elevations of the Chiricahua

Mountains of the Basin Ranges, and the White Moun-
tains of the Plateau Region.

Vegetation—Picea engelmannii dominates the

overstory and regeneration, and Abies lasiocarpa is ab-

sent. The undergrowth is very sparse and is charac-

terized by soil mosses and only a few scattered low-

lying shrubs (Lonicera utahensis, Ribes montigenum,

and/ or Vaccinium myrtillus), and few herbs.

Physical setting—This HT is found at elevations

greater than 10,500 feet (3,200 m) on mountaintop

ridges and upper slopes. Soils are very shallow and
cobbly with cryic temperature regimes.

Adjacent habitat types—ABLA /VAMY or PIEN/
ACGL are the most common adjacent habitat types

and are usually found immediately downslope.

Comments—This HT was previously described by
Moir and Ludwig (1979) as part of a habitat type that

also included the ABLA/Moss HT. Fitzhugh et al.

(1987) defined the PIEN/Moss HT without the pres-

ence ofAbies lasiocarpa for southwesternNew Mexico,

which is the convention followed here.

The site productivity for timber is low because the

soils are very coarse-textured (extremely cobbly),

have a low nutrient status, and there is limited grow-
ing season indicated by the cryic soil moisture re-

gime. Regeneration following harvest is unlikely to

be successful, except in somewhat more sheltered

sites. Since forage production and cover values are

very low, there is little wildlife or livestock grazing

potential.

P/ceo engelmannii/Carex foenea Habitat Type
(PIEN/CAFO HT; Engelmann spruce/silvertop

sedge)
Geographic location—The PIEN/CAFO HT is a

minor habitat type restricted to the upper elevations

of the Pinaleno Mountains of the Basin Ranges.

Vegetation— This habitat type is characterized by
dominance of Picea engelmannii, or occasionally

codominance with Abies lasiocarpa. Shrubs are scarce,

and the rhizomatous Carexfoenea in the undergrowth

is diagnostic. The forb compliment can be diverse,

but usually is not extensive in cover; the most con-

stant herbs are Campanula rotundifolia, Lathyrus

arizonicus, Mertensia franciscana, and Oreochrysum

parryi.

Physical setting—This HT is found on moderately

steep, south-facing, upper slopes and ridge lines

above 10,000 feet (3,050 m). Soils are cobbly and skel-

etal and belong to the cryic temperature regime.

Adjacent habitat types—ABLA/VAMY and
ABLA/EREX commonly occur along with habitat

types of the Abies concolor or Pseudotsuga menziesii

Series.

Comments—Moir and Ludwig (1979) originally

described the PIEN/CAFO HT. It is a very restricted

habitat type, and in our study, was found only on

the west face of Mt. Graham. Regeneration of Picea

engelmannii is difficult because of competition with

Carex foenea, which increases significantly when the

overstory is removed or is greatly reduced in den-

sity. The abundance of forage, however, provides

good wildlife habitat.

P/ceo engelmanniiIAcer glabrum Habitat Type
(PIEN/ACGL HT; Engelmann spruce/Rocky
Mountain maple)
Geographic location—This minor habitat type is

restricted to high elevations of the Chiricahua Moun-
tains of the Basin Ranges.
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Vegetation

—

Picea engelmannii is the dominant tree

species, with Pseudotsuga menziesii and Abies concolor as

major and minor co-climax associates, respectively.

Populus tremuloides is the major serai species and Pinus

strobiformis is a minor serai species. Acerglabrum is well-

represented in the undergrowth and is diagnostic. Other

shrubs may include Holodiscus dumosus, Lonicera

utahensis, and Physocarpus monogynus. Herbs can be

sparse to well-represented; the common species are

Bromus richardsonii, Erigeron eximius, Fragaria americana,

Ligusticum ported, Senecio bigelovii, and Viola canadensis.

Physical setting—This cold, moist mesic HT oc-

curs on steep mid to upper, north and east-facing

slopes. Elevation ranges from 8,900 to 9,500 feet (2,700

to 2,900 m). Soils are commonly Dystric Cryochrepts.

Adjacent habitat types—Adjoining habitat types

may include the ABCO /ACGL and ABCO /BERE on
somewhat warmer sites, and the PIEN/Moss on
cooler upper slopes.

Comments—First described by Moir and Ludwig
(1979). Picea engelmannii occurs at its southernmost

limit within this type. The type has also been reported

for the Sacramento Mountains of New Mexico
(Alexander et al. 1984a).

Owing to its restricted area and low availability of

forage, this type is of minor importance with respect

to timber production and wildlife habitat (although

serai stages dominated by Populus fremontii may pro-

vide important wildlife habitat).

Picea engelmannii/Erigeron eximius Habitat

Type
(PIEN/EREX HT; Engelmann spruce/forest

fleabane)

Geographic location—This minor habitat type is

restricted to the White Mountains of the Plateau Re-

gion. It is potentially present in the higher elevations

of the eastern Basin Ranges Region.

Vegetation—In this habitat type where Picea

engelmannii is the major climax species, followed by
Pseudotsuga menziesii. Picea pungens, and Abies concolor

can be minor climax or serai species. Populus trem-

uloides is the major serai species; Pinus ponderosa and
Pinus strobiformis are minor serai species, particularly

on the warmer sites. The undergrowth is character-

istically herbaceous and often luxuriant with Carex

foenea, Erigeron eximius, Geranium richardsonii,

Smilacina stellata, and Valeriana spp. well-represented.

Physical setting—This cold, moist mesic habitat

type is restricted to the lower sideslopes of canyon
drainages at moderate to high elevations over 8,000

feet (2,440+ m), with northerly exposures. It is most

likely to occur at the lowest elevation position of Picea

engelmannii.

Adjacent habitat types—This HT may adjoin the

PIPU/CAFO or PIPU/EREX HTs along drainages.

Upslope, drier and warmer sites usually support

mixed conifer forests of the Abies concolor and
Pseudotsuga menziesii series.

Comments—This type has been described in de-

tail by Fitzhugh et al. (1987) who reallocated the plots

from New Mexico and Arizona in the Picea pungens-

Picea engelmannii / Erigeron superbus habitat type of

Moir and Ludwig (1979) to the PIPU/EREX and
PIEN/EREX HTs. The PIEN/EREX HT is very simi-

lar to the PIPU/EREX HT described below, except

for the abundance of Picea engelmannii reproduction

and reduced shrub cover.

Mesic site conditions prevail in this habitat type,

thus site productivity is moderate to high. Cutting

will probably favor Pseudotsuga menziesii at the ex-

pense of Picea pungens and P. engelmannii. The high

cover and forage values make this excellent wildlife

habitat. In addition, the location of the habitat type

along drainages enhances its importance for water-

shed and fisheries management.

Abies lasiocarpa Series

This series is typified by the dominance and suc-

cessful reproduction of Abies lasiocarpa (Layser and

Schubert 1979). Picea engelmannii is commonly a

codominant climax species, but may be absent.

Populus tremuloides is the major serai species follow-

ing disturbance. Pseudotsuga menziesii can be a mi-

nor serai species in some of the lower elevation,

warmer habitat types. These are high-elevation for-

ests which, along with those of the Picea engelmannii

series, are found between nonforested alpine vegeta-

tion and the mixed conifer forests of lower elevations.

Habitat types of this series are common in the Rocky
Mountains, but are relatively rare south of the

Mogollon Rim.

Abies lasiocarpa/ Moss Habitat Type
(ABLA/Moss HT; subalpine fir/moss)

Geographic location—This minor habitat type is

restricted to the highest elevations of the Pinaleno

Mountains of the Basin Ranges, and to the White

Mountains of the Plateau Region.

Vegetation—The overstory is codominated by
Picea engelmannii and Abies lasiocarpa. The under-
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growth is very sparse with scattered low-lying shrubs

(such as Lonicera utahensis, Ribes montigenum, and/or

Vaccinium myrtillus); moss is the dominant in the her-

baceous layer.

Physical setting—The cold, dry ABLA/Moss HT
is found at the highest elevations (9,800 to 11,500 feet

or 3,000 to 3,500 m) of mountaintops, ridges and
upper slopes. Soils are very shallow with cryic tem-

perature regimes. Comparable soils elsewhere in the

White Mountains have been described as Dystric

Cryochrepts (Laing et al. 1989).

Adjacent habitat types—The ABLA/ VAMY HT
is most common. TheABLA/EREX HT is occasional.

Comments—The ABLA/Moss HT is widely dis-

tributed and has been previously described by Moir
and Ludwig (1979) for Arizona and New Mexico
(they included the PIEN/Moss HT described above

within theABLA/Moss HT), by DeVelice et al. (1986)

for southern Colorado and northernNew Mexico, and

by Fitzhugh et al. (1987) for southwesternNew Mexico.

It has also been reported in central Colorado by Dix

and Richards (1976) and Komarkova et al. (1988).

Since the soils are very shallow and cobbly and
the sites are cold and dry, site productivity for tim-

ber is very poor. Regeneration is unlikely to be suc-

cessful, except in somewhat sheltered sites. There is

little potential for wildlife or livestock because cover

and forage are limited.

Abies lasiocarpa/Vaccinium myrtillus Habitat

Type (ABLA/VAMY HT; subalpine fir/Rocky

Mountain whortleberry)

Geographic location—This major habitat type is

extensive at upper elevations of the White Mountains

of the Plateau Region, and in the Pinaleno Moun-
tains of the Basin Ranges.

Vegetation

—

Picea engelmannii and Abies lasiocarpa are

co-climax dominants. In some stands, either one may
be dominant, while the other is minor. Pseudotsuga

menziesii is usually absent, or a minor serai species at

lower elevations. Populus tremuloides can be a serai spe-

cies, but succession is often direct to Abies lasiocarpa or

Picea engelmannii. The undergrowth is characteristically

dominated by Vaccinium myrtillus, with cover as high

as 50% or more (fig. 2). Other shrubs are of minor im-

portance but may include Lonicera utahensis and Ribes

spp. Occasional herbs are Bromus richardsonii, Carex spp.,

Festuca sororia, Osmorhiza depauperata, Oreochrysum

parryi, and Ramischia secunda.

Physical setting— This cold, mesic habitat type is

found on gentle to moderately steep slopes of any

aspect above 10,000 feet (3,050 m) in elevation. Typi-

cal sites are upper slopes and ridgelines where soils

tend to be extremely cobbly or stony. The soil tem-

perature regime is cryic. Fitzhugh et al. (1987) reported

cold Dystric Cryochrepts, loamy skeletal, mixed min-

eralogy soils from this type in the White Mountains.

Adjacent habitat types—On higher elevation ridge

tops of drier exposures, theABLA/VAMYHT grades

to the PIEN/Moss or ABLA/Moss HTs. On lower

slopes where there is more available moisture, but

the soils are still cryic, the ABLA/VAMY-RUPA can

be found. The ABLA/RUPA or ABLA/EREX HTs
may be found adjoining on lower, warmer sites.

Comments—This type is widespread at higher el-

evations of the Rocky Mountains and major moun-
tain ranges of the Southwest. It has been previously

described from the White Mountains of Arizona into

the Mogollon Mountains of New Mexico (Fitzhugh

et al. 1987), on Mt. Taylor in north central New
Mexico (Alexander et al. 1987), and in the southern

Rocky Mountains (DeVelice et al. 1986, Komarkova
et al. 1988). Youngblood and Mauk (1985) also de-

scribed the type for southern Utah, but the comple-

ment of forb species indicates a somewhat moister

phase. TheABLA/VAMYHT is replaced by the Abies

lasiocarpa /Vaccinium scoparium HT in the northern

Rocky Mountains, but the two types share a consis-

tent physiognomy and characteristic dominance of

Vaccinium spp. (Hoffman and Alexander 1976,

Komarkova et al. 1988, Peet 1981, Pfister 1972, Pfister

et al. 1977, Steele et al. 1983, Wirsing and Alexander

1975). The southernmost occurrence of this type is in

the Pinaleno Mountains of southern Arizona.

Timber productivity is low to moderate. Timber

harvest favors Abies lasiocarpa in the replacement

stand (Hoffman and Alexander 1976, Moir and
Ludwig 1979). Regeneration response following log-

ging may be slow due to competition from shrubs

and to the short growing season. Fire is of minor

importance in succession. Grazing potential is low

because of limited forage resulting from shade by the

closed canopy and the short growing season.

Deep snowpack is a characteristic feature of this type

and can be an important element in watershed manage-

ment since the type has extensive geographic coverage.

Abies lasiocarpa/Vaccinium myrtillus -Rubus

parviflorus Habitat Type (ABLA/VAMY-RUPA HT;

subalpine fir/Rocky Mountain whortleberry-

western thimbleberry)

Geographic location—This minor habitat type is
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Figure 2.—Abies lasiocarpa/Vaccinlum myrtillus HT along an upper slope in the White Mountains at 10,100 feet (3,075 m).

V. myrtillus forms a low-lying shrub cover across the forest floor. Overall species aiversity is low.

found occasionally in the White Mountains of the Pla-

teau Region.

Vegetation

—

Abies lasiocarpa and Picea engelmannii

codominate in the climax overstory. Populus tremu-

loides and Pseudotsuga menziesii are major and minor
serai species, respectively. Vaccinium myrtillus and
Rubus parviflorus are the codominants in the shrub

layer, with Lonicera utahensis and Acer glabrum often

present. Herb coverage and diversity is moderate
with Erigeron eximius, Fragaria ovalis, and Geranium

richardsonii as common associates.

Physical setting—The cold, mesic ABLA/VAMY-
RUPAHT is found on mid to lower slopes where soil

moisture is greater relative to the ABLA/VAMY HT,

and the soils deeper, but still cryic.

Adjacent habitat types—On cooler, higher eleva-

tion sites with deeper snowpacks, this HT adjoins

the ABLA/VAMY HT. On warmer, wetter sites with

deeper soils, it intergrades to the ABLA/RUPA or

ABLA/EREXHTs.

Comments—The ABLA/VAMY-RUPAHT is more
common to the north and east of the study area. It

has been previously described by DeVelice et al.

(1986) and Moir and Ludwig (1979) for Arizona and
New Mexico, and for the southern Rocky Mountains.
Fitzhugh et al. (1987) referred to the type as the

ABLA /VAMYHT RUPA Phase in southwesternNew
Mexico. The ABLA/VAMY-RUPA HT, as represented

here, is less luxuriant and diverse in the herb layer and
does not containAmica cordifolia, a highly constant spe-

cies in the southern Rocky Mountains. The presence of

Rubus parviflorus and Vaccinium myrtillus together is

considered diagnostic of an intermediate position

between the ABLA/VAMY and ABLA/RUPA HTs.

Timber productivity is moderate. Clearcuts favor

Picea engelmannii, while selection cuts favor Abies

lasiocarpa. Caution is necessary because increased

shrub cover following the opening of a stand may
inhibit reproduction of conifers. There is moderate

cover and forage for wildlife.
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Abies lasiocarpa/Rubus parviflorus Habitat

Type
(ABLA/RUPA HT; subalpine fir/western

thimbleberry)

Geographic location—This habitat type is of mi-

nor occurrence in the White Mountains of the Pla-

teau Region.

Vegetation

—

Picea engelmannii and Abies lasiocarpa

are climax codominants. Populus tremuloides and
Pseudotsuga menziesii are potential major and minor

serai species, respectively. The tall shrub stratum may
have Acer glabrum and Salix scouleriana, with Rubus

parviflorus conspicuous as the lower shrub dominant.

Actaea rubra and Lonicera utahensis may also be com-
mon, but Vaccinium myrtillus is scarce or absent. The
herb layer is diverse and luxuriant; common and
abundant herbs may include Bromus richardsonii, Eri-

geron eximius, Geranium richardsonii, Osmorhiza

depauperata, Ramischia secunda, Smilacina racemosa,

Smilacina stellata, Thalictrumfendleri, and Viola canadensis.

Physical setting—This is a cold, mesic habitat type

found at elevations from 8,000 to 10,000 feet (2,440

to 3,050m), on steep, mid and lower slopes, or in ra-

vines or stream side terraces. Soils of this type have

been described by DeVelice et al. (1986) and Fitzhugh

et al. (1987) as alfisols or molisols with cryic tempera-

ture regimes. The Terrestrial Ecosystem Survey
(Laing et al. 1989) also describes cryic soils within

the range of this habitat type.

Adjacent habitat types—On cooler sites the ABLA/
EREX, ABLA/VAMY-RUPA, or the ABLA/VAMY HTs
may be found. Warmer sites usually have mixed conifer

forests of the Abies concolor or Pseudotsuga menziesii series.

Comments—This type has been previously de-

scribed in detail for New Mexico and southern Colo-

rado by DeVelice et al. (1986), Fitzhugh et al. (1987),

and Moir and Ludwig (1979).

The diversity of forage and high cover makes this

excellent wildlife habitat, particularly for elk, deer,

and black bear. Site quality is moderate to good for

Abies lasiocarpa and Picea engelmannii (Moir and
Ludwig 1979), but steepness and close proximity to

stream channels can pose hazards for timber harvest.

Clearcuts will favor P. engelmannii, and selection cuts

favor A. lasiocarpa.

Abies lasiocarpa/Erigeron eximius Habitat

Type
(ABLA/EREX HT; subalpine fir/forest fleabane)

Geographic location—This major type is common
in the White Mountains of the Plateau Region.

Vegetation

—

Abies lasiocarpa and Picea engelmannii

are overstory climax codominants, with Populus

tremuloides and Pseudotsuga menziesii as major and
minor serai species, respectively. Other possible mi-

nor serai tree species include Picea pungens, Abies

concolor, and Pinus strobiformis. Shrubs are of minor
importance in this type, and Vaccinium myrtillus is

rare or absent. The ABLA/EREX HT is characteristi-

cally herbaceous with a diverse, often luxuriant forb

component. The common dominant is Erigeron

eximius usually in association with Carexfoenea, Fragaria

spp., Geranium richardsonii, Ligusticum porteri, Luzula

parviflora, Osmorhiza depauperata, Ramischia secunda,

Smilacina racemosa, S. stellata, and Viola canadensis.

Physical setting—The cold, moist mesic ABLA/
EREX HT is usually found above 9,500 feet (2,900 m)
on a wide variety of slopes and aspects, tending to-

ward mid to upper slopes with cool aspects. Annual
precipitation is above 30 inches (76 cm), with approxi-

mately 50% being snowpack (Beschta 1976). Soils

from this type in southwestern New Mexico were

described by Fitzhugh et al. (1987) as moderately

deep and of the cryic soil temperature regime. Over-

all, soils vary in depth and texture within this HT,

and have been described and mapped within the

nearby Apache-Sitgreaves National Forests (Laing et

al. 1989).

Adjacent habitat types— On high, colder sites

there may be a complicated mosaic with the ABLA/
VAMY HT, shifting with local topographic and slope

aspect variation as they affect snowpack, soil depth,

and drainage. The ABLA/VAMY is generally found

on cooler sites with greater snow pack and shallower,

less drained soils. At lower elevations that are cool

and wet, cool air drainage is a significant factor and

the ABLA /RUPA HT, or the PIPU/EREX HT may be

found. On lower elevation, warm sites forests of the

Abies concolor or Pseudotsuga menziesii series may oc-

cur adjacent to this HT.

Comment—The ABLA/EREX HT is widespread

in the Southwest and has been previously described

by Alexander et al. (1987), DeVelice et al. (1986),

Fitzhugh et al. (1987), and Moir and Ludwig (1979).

The more luxuriant and open undergrowth of the

ABLA/EREX HT, in comparison to the other types

of the Abies lasiocarpa and Picea engelmannii series,

provides relatively good wildlife habitat. The tim-

ber productivity is moderate to high and may be en-

hanced by the presence of Pseudotsuga menziesii as a

major serai species. Clearcuts will favor Populus

tremuloides; selection cutting will favor Abies lasiocarpa

12



and Picea engelmannii. There may be a high risk of

blowdown with shelterwood cutting. Warmer tem-

peratures and localized surface fires probably play a

role in maintaining Pseudotsuga menziesii as a major

serai species at lower elevations, but fire frequency

in this relatively moist habitat type is probably low.

Severe fires may favor long-term Populus tremuloides

successional communities. The high precipitation

and relatively deep snowpack adds to the overall

watershed value of this habitat type.

Abies lasiocarpa/Jamesia americana Habitat

Type
(ABLA/JAAM HT; subalpine fir/cliffbush)

Geographic location—This minor habitat type is

limited to the highest elevations of the Santa Catalina

Mountains of the Basin Ranges.

Vegetation—The climax dominant is Abies lasio-

carpa, and Picea engelmannii is absent. Pseudotsuga

menziesii and Populus tremuloides are major serai spe-

cies with Abies concolor as a possible minor serai spe-

cies. The undergrowth is characteristically shrubby

and is dominated by Jamesia americana, Ribes pine-

torum, Rubus idaeus, Sambucus melanocarpa, and
Symphoricarpos oreophilus (fig. 3). Herbs can be well-

represented, but distribution is patchy and their di-

versity is relatively low. Common forbs include

Pteridium aquilinum, Ramischia secunda, Vicia ameri-

cana, and Viola canadensis.

Physical setting—The cold, mesic ABLA/JAAM
HT ranges from 8,750 to 9,100 feet (2,670 to 2,775 m)
in elevation, and is usually found on steep, north-

facing slopes with a deep snowpack.

Adjacent habitat types—The ABCO/BERE or

PSME/ Sparse HTs can occur on adjacent, slightly

drier, but still cool sites; the ABCO/ACGL HT on

wetter sites, and the ABCO/CAFO HT on drier,

warmer sites.

Comments—The ABLA/JAAM HT is a very rare,

localized type at the extreme southwestern edge of

the distribution of Abies lasiocarpa. Niering and Lowe
(1984) have also described this community, which es-

sentially is represented by a few relic stands on top

of Mt. Lemmon.
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Picea pungens series

This series is considered a mid elevation, topo-

edaphic climax that occupies lower slopes and can-

yon bottoms where there is significant cold air drain-

age (Layser and Schubert 1979). Picea engelmannii,

although normally found at higher elevations, is com-

monly present in habitat types of this series. The
higher density of both regeneration and mature Picea

pungens, however, is diagnostic of this series. Abies

concolor, and Pseudotsuga menziesii also can be co-cli-

max species; Pinus ponderosa, Pinus strobiformis, and
Populus tremuloides are considered serai. The Picea

pungens series is one of several that comprise what is

generally termed a mixed conifer forest because of

the diverse mixture of overstory species that can occur.

Picea pungens/Juniperus communis Habitat

Type
(PIPU/JUCO HT; blue spruce/common juniper)

Geographic location—This minor habitat type is

rare south of the Mogollon Rim and occurs locally

only in the White Mountains of the Plateau Region.

Vegetation

—

Picea pungens and Pseudotsuga men-

ziesii are climax codominants with occasional Abies

concolor reproduction. Picea engelmannii is also pos-

sible as a minor climax species. Pinus strobiformis is a

subclimax or major serai species. The undergrowth
is characterized by the dominant and abundant
Juniperus communis, and a scattering of other shrubs

The herb layer is minor, although Lathyrus arizonica

can be well-represented.

Physical setting—The cold, mesic PIPU/JUCO HT
occupies mid to upper slope positions with north-

erly aspects, at about 8,500 feet (2,590 m).

Adjacent habitat types—The PIPU/EREX HT can

be found immediately down slope in warmer, more
mesic sites. On more xeric sites, this HT can inter-

grade to other mixed conifer HTs of the Abies concolor

and Pseudotsuga menziesii series.

Comments—The extreme southwestern extension

of this habitat type is in the White Mountains. The
PIPU/JUCO HT is synonymous with the Picea

pungens -Pseudotsuga menziesii HT, Juniperus commu-
nis Phase of Moir and Ludwig (1979). Fitzhugh et al.

(1987) subsumed this type within the PIPU/EREX
and PIPU/CAFO HTs. The PIPU/JUCO HT de-

scribed by Youngblood and Mauk (1985) for south-

ern Utah is similar, but contains several species which
are not present here (e.g., Arctostaphylos uva-ursi, Ber-

beris repens, and Juniperus scopulorum).

Picea pungens/Erigeron eximius Habitat Type
(PIPU/EREX HT; blue spruce/forest fleabane)

Geographic location—This minor habitat is occa-

sional in the White Mountains of the Plateau Region.

Vegetation

—

Picea pungens and Pseudotsuga men-

ziesii are climax codominants. Picea engelmannii can

be present as young and advanced regeneration, and
is thus considered a minor climax species. The major

serai tree is Populus tremuloides, with Pinus strobiformis

and P. ponderosa as minor serai species. The under-

growth is characteristically herbaceous, but the shrub

layer can be well-represented by Rubus parviflorus and
Pachystima myrsinities. The herb layer is rich and di-

verse with Erigeron eximius and Carexfoenea well-rep-

resented. Other common species are Bromus richard-

sonii, Fragaria bracteata, Fragaria ovalis, Geranium

richardsonii, Lathyrus arizonica, Pseudocymopteris

montanus, Senecio wootonii, Valeriana spp., and Viola

canadensis. Festuca arizonica is absent or scarce.

Physical setting—This cool, moist mesic habitat

type is found on northerly, lower colluvial slopes

along drainages. Elevations range from 8,000 to 8,500

feet (2,440 to 2,590 m). Soils can be fluventic but not

aquic, with umbric or mollic epipedons. They are at

the cold margin of the frigid soil temperature regime.

Adjacent habitat types—The PIPU/EREX HT can

intergrade Up slope to the PIPU/JUCO HT, and
down slope to the Picea pungens /Poa pratensis HT
(Fitzhugh et al. 1987) or Poa pratensis meadows. On
warmer, drier slopes the Picea pungens I Carex foenea

HT (Fitzhugh et al. 1987), PIPU/FEAR HT, or Festuca

arizonica meadows may be found.

Comments—This type is widespread in the South-

west and has been previously described in detail by
Moir and Ludwig (1979) for New Mexico and Ari-

zona, DeVelice et al. (1986) for northern New Mexico

and southern Colorado, and Fitzhugh et al. (1987)

for southwestern New Mexico. This type is closely

related to the PIEN/EREX HT where Picea enge-

lmannii is the major climax species and P. pungens is

the minor climax or serai species. The type, as repre-

sented in the White Mountains, usually lacks the

strong tall-shrub component found in other areas of

the Southwest; Quercus gambelii and Acer glabrum are

notably absent. Alexander et al. (1984a) describe a

Picea pungens /Fragaria ovalis HT for the Sacramento

Mountains in southern New Mexico, which is also

closely related to the PIPU/EREX HT described here.

Site quality is moderate to good for both Picea

pungens and Pseudotsuga menziesii as a result of the

well-watered lower slopes and relatively deep soils
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(Moir and Ludwig 1979). The limited geographical

extent of this type limits its timber resource value.

Forage value is low to moderate for livestock; how-
ever, the stands can provide important forage and
cover for wildlife using adjacent meadows. The ad-

jacent meadows or "parks" may also receive high

recreational use. Since the PIPU/EREX HT is often

located along water courses, water quality and fish-

eries resource protection issues may need careful

consideration, despite its limited distribution.

Picea pungens/Festuca arizonica Habitat Type
(PIPU/FEAR HT; blue spruce/Arizona fescue)

Geographic location—This habitat type is minor
and found only in the White Mountains of the Plateau

Region.

Vegetation

—

Picea pungens is the climax dominant
with P. engelmannii, Pseudotsuga menziesii and Abies

concolor as minor climax species. Pinus ponderosa is

the major serai species; Pinus strobiformis and Populus

tremuloides are minor serai species. The undergrowth
is characteristically grassy and dominated by Festuca

arizonica in association with Bromus richardsonii, Carex

foenea, and Muhlenbergia virescens. Shrub and forb

cover is insignificant; the most commonly repre-

sented species are Erigeron formosissimus, Potentilla

hippiana, Ribes cereum, and Ribes pinetorum.

Physical setting—The cool, dry mesic PIPU/FEAR
HT can be found on gentle to steep slopes of south-

westerly aspect, at about 8,200 to 9,200 feet (2,500 to

2,800 m). It is often associated with frost pockets and
lower slopes where cool air drainage is significant.

Adjacent habitat types—This can adjoin the more
mesic PIPU/EREX or PIEN/EREX HTs. The Picea

pungens /Poa pratensis and the Picea pungens / Carex

foenea HTs, as described by Fitzhugh et al. (1987), may
also be possible on more mesic sites. The PIPU/FEAR
may border Festuca arizonica grasslands.

Comments—The extreme southwestern extension

of the PIPU/FEAR FIT is in the White Mountains of

the Plateau Region. This habitat type is more preva-

lent to the north and east, and has been described in

.detail by Fitzhugh et al. (1987) for southwest New
Mexico, by DeVelice et al. (1986) for northern New
Mexico and southern Colorado, and by Komarkova
et al. (1988) for the west-central Rockies.

The PIPU/FEAR HT is the driest and warmest
habitat type in the Picea pungens series. Site produc-

tivity is low to moderate for all species, with Pinus

ponderosa having the highest productivity. Selection

cutting will favor Picea pungens, shelterwood favors

Pseudotsuga menziesii, and clear cutting favors Pinus

ponderosa. Regeneration can be hindered by grass

competition. Fire has played a major role in main-

taining an open canopy which tends to increase grass

cover. Light fires will reduce undergrowth densities,

thus promoting conifer regeneration. Without fire,

this type can approach the PIPU/EREX HT on more
mesic sites. Forage productivity is high in open ar-

eas and decreases significantly under closed cano-

pies. Since this type often adjoins scenic meadows,
recreation potential is high.

Abies concolor Series

The Abies concolor series is widespread at mid el-

evations in the study area. This mixed coniferous

series can have any mixture of Abies concolor with

Pseudotsuga menziesii, Picea engelmannii, Picea pungens,

Abies lasiocarpa, Pinus ponderosa, and Pinus strobi-

formis, depending on the moisture /temperature re-

lationships of the site and the stage of succession.

The more successful reproduction of Abies concolor

among the various conifer species is diagnostic of

the series (Layser and Schubert 1979).

Abies concolor/ Vaccinium myrtillus Habitat

Type
(ABCO/VAMY HT; white fir/Rocky Mountain
whortleberry)

Geographic location—This minor habitat type is

known from the Chediski area in the northwest cor-

ner of the Fort Apache Indian Reservation, along the

base of the Mogollon Rim of the Central Highlands.

It is potentially present in other drainages along the

Mogollon Rim.

Vegetation

—

Abies concolor and Pseudotsuga

menziesii are codominant, with Pinus strobiformis and

P. ponderosa as minor climax and minor serai species,

respectively. The dominant shrub in the undergrowth

is Vaccinium myrtillus. Other shrubs include Chima-

phila menziesii, Pachystima myrsinities, and Rubus

parviflorus. The herb layer is poorly to moderately

expressed, with Fragaria ovalis, Geranium richardsonii,

and Valeriana spp. present.

Physical setting—This is one of the coldest habi-

tat types in the Abies concolor series and is found on

very steep north-facing mid slopes in ravines at about

6,500 feet (1,980 m).

Adjacent habitat types—The ABCO/VAMY HT
grades down slope into the more moist ABCO/ACGR
HT. On drier sites it adjoins the ABCO/QUGA HT.
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Comments—This habitat type is more common in

northern New Mexico and southern Colorado
(DeVelice et al. 1986), and is an isolated outlier in the

study area. It is closely related to the Pseudotsuga

menziesii/Pachystima myrsinities HT of the central

Rocky Mountains (Hoffman and Alexander 1980),

and weakly related to the Abies grandis / Vaccinium

globulare HT of the northern Rockies (Pfister et al.

1977, Steele et al. 1981).

Site productivity is low, and cutting will continue

to favor Abies concolor under most circumstances. The

steep topography discourages livestock grazing, but

big game use may be heavy.

Abies concolor/Carex foenea Habitat Type
(ABCO/CAFO HT; white fir/silvertop sedge)
Geographic location—This minor habitat type is

found only at higher elevations of the Pinaleno and
Santa Catalina Mountains of the Basin Ranges.

Vegetation

—

Abies concolor and Pseudotsuga

menziesii are codominant, with occasional reproduc-

tion of A. lasiocarpa. Pinus strobiformis and P. ponde-

rosa are minor serai species. Shrubs are generally

poorly represented, but Acer glabrum can be common.
Carex foenea is the overwhelmingly dominant herb

in association with Bromus richardsonii and Poa

pratensis. The most constant forbs include Campanula

rotundifolia, Fragaria ovalis, Helenium hoopesii, Lathyrus

arizonica, Pteridium aquilinum, Pseudocymopterus

montanus, and Senecio wootonii.

Physical setting—The cold, mesic ABCO/CAFO
HT is found along upper slopes near summits of

mountains at 9,000 to 10,200 feet (2,740 to 3,110 m).

With high graminoid cover, dense sods of matted

roots and rhizomes can develop.

Adjacent habitat types—On more moist sites, this

HT grades to the ABCO/ACGL HT; on cooler, rockier

sites, it grades to the ABLA/JAAM HT.

Comments—The ABCO/CAFO HT has been pre-

viously described for the Pinaleno Mountains (Moir

and Ludwig 1979). The presence of Abies lasiocarpa

as a minor climax species, usually in the seedling or

sapling stage, indicates that this is perhaps a mar-

ginal Abies lasiocarpa habitat type at the edge of Abies

lasiocarpa's distribution.

Site quality for Pseudotsuga menziesii and Abies

concolor is good, but the effect of graminoid compe-
tition on conifer reproduction may be severe follow-

ing clearing. Grazing potential for livestock and wild-

life is high.

Abies concolor/Berberis repens Habitat Type.

(ABCO/BERE HT; white fir/Oregon grape)
Geographic location—This major habitat type oc-

curs sporadically in the Santa Catalina, Chiricahua,

Pinaleno, and Pinal Mountains of the Basin Ranges,

and in the Bradshaw Mountains and along the

Mogollon Rim of the Central Highlands.

Vegetation

—

Abies concolor and Pseudotsuga

menziesii are the climax overstory dominants. Pinus

strobiformis and P. ponderosa are minor serai trees. The
undergrowth is usually very sparse with cover sel-

dom exceeding 1%. Occasionally, shrubs such as

Symphoricarpos oreophilus, Berberis repens, and
Holodiscus dumosus are common. Herb cover is lim-

ited and characterized by small patches of grasses

and scattered forbs. The most constant graminoids

are Bromus richardsonii, Carex geophila, Carex rossii, and

Poafendleriana. Common forbs are Lathyrus arizonica,

Malaxis soulei, Senecio wootonii, Pteridium aquilinum,

Smilacina spp., Thalictrum fendleri, and Viola canadensis.

Physical setting—This is a cool, mesic to dry mesic

HT which occurs on canyon side slopes and ridges

of any aspect. Elevations range from 8,000 to 9,200

feet (2,440 to 2,800 m). Slopes vary from gentle to

very steep.

Adjacent habitat types—The ABCO/BERE HT
adjoins the ABCO /ACGL, PIEN/ACGL, or the

ABCO/CAFO HTs on wetter, cooler sites; and the

ABCO/QUGA or PIPO QUGA HTs under warmer,

drier conditions.

Comments—The ABCO/BERE HT has been de-

scribed in detail in the Southwest where it is referred

to as the ABCO /Sparse HT (Alexander et al. 1984a,

DeVelice et al. 1986, Fitzhugh et al. 1987, Moir and

Ludwig 1979). Youngblood and Mauk (1985) origi-

nally described the ABCO/BERE HT in Utah. Their

composition differs somewhat, but the physiogno-

mic concept of a somewhat shrubby, but still sparse

habitat type is the same. We have chosen the desig-

nation of Youngblood and Mauk (1985) rather than

the ambiguous ABCO/Sparse name. The xeric

Pseudotsuga menziesii forests reported by Peet (1981)

for northern Colorado, and the Pseudotsuga menziesii/

Arnica cordifolia HT described by Pfister et al. (1977)

and Steele et al. (1981) are also related to the ABCO/
BERE HT.

Site quality is moderate for Pseudotsuga menziesii

and Pinus ponderosa. £learcuts and seedtree cuts fa-

vor P. menziesii and P. ponderosa; shelterwood and

selection cuts favor Abies concolor. Forage potential

is low; in most cases, herb growth is limited by sea-
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sonal soil-water deficits and shading (Moir and
Ludwig 1979). Other inherently more productive

habitat types may exhibit the appearance of an
ABCO/BERE HT because of intense or prolonged

wildlife browsing and livestock grazing.

Abies concolor/Acer glabrum Habitat Type
(ABCO/ACGL HT; white fir/Rocky Mountain
mapie)
Geographic location—This major habitat type is

found at the higher elevations of the Santa Catalina,

Pinaleno, and Chiricahua Mountains of the Basin

Ranges. It is potentially present in the Central High-

lands and Plateau Region.

Vegetation

—

Abies concolor and Pseudotsuga

menziesii are climax codominants. Populus tremuloides

and Pinus strobiformis are major and minor serai trees,

respectively. Acer glabrum forms a distinct subcanopy
stratum in mature stands, and is the dominant tall

shrub in late successional stages. Other well-repre-

sented shrubs may include Holodiscus dumosa, Jamesia

americana, Salix scouleriana, Sambucus melanocarpa, and
Symphoricarpos oreophilus. Herbs are also well-repre-

sented and include Bromus richardsonii, Carex foenea,

Erigeron exitnius, Fragaria americana, Geranium
richardsonii, Oxalis metcalfei, Thalictrum fendleri, and
Viola canadensis.

Physical setting—The cool to cold, moist mesic

ABCO/ACGL HT is found on a variety of aspects at

the highest elevations (8,650 to 9,200 feet or 2,630 to

2,800 m), usually in mid slope ravines or upper slopes

with mostly deep soils near the cold extreme of the

frigid soil moisture regime.

Adjacent habitat types—On drier sites, this type

adjoins the ABCO/CAFO, ABCO/BERE or ABCO/
QUGA HTs. Typically, the ABCO/ACGL HT is posi-

tioned on lower slopes and in ravines; the ABCO/
CAFO HT is found on convex ridge lines of moder-

ate soil depth; the ABCO/BERE HT is found on mid
slope shallow soils, and the ABCO/QUGA HT is

found on very rocky sites. On colder sites, the ABLA/
JAAM HT may be found. This variety in adjacent

habitat types leads to complex landscape mosaic as

a function of local topographic differences.

Comments—The ABCO/ACGLHT represents one

of the most widespread habitat types found in mixed
conifer forests, but it is relatively uncommon south

of the Mogollon Rim. This type has been described

previously from many forests in Arizona, New
Mexico, and Southern Colorado (Alexander et al.

1984a, 1987; DeVelice et al. 1986; Fitzhugh et al. 1987;

Moir and Ludwig 1979). It has also been described

for southern Utah by Youngblood and Mauk (1985).

It is related to the Pseudotsuga menziesii/ Pachystima

myrsinites HT of central and northern Colorado (Hess

and Wasser 1982, Hoffman and Alexander 1980).

Weakly related types are represented by the foothill

ravine forest community of Rocky Mountain Na-
tional Park, Colorado (Peet 1981), and the Abies

grandis /Acer glabrum HT of central Idaho (Steele et

al. 1981).

Because of the cool, moist conditions characteris-

tic of this habitat type, fires are generally of low in-

tensity, erratic, and infrequent (Moir and Ludwig
1979). Such fire behavior has resulted in a diversity

of stand structures within the type.

Timber productivity is low to moderate. Clearcuts

and seedtree cuts will favor Pseudotsuga menziesii,

which should regenerate well except when competi-

tion from shrubs is severe. The reduction in regen-

eration may be particularly significant when shrub

growth increases following canopy removal. Selec-

tion cutting will favor Abies concolor. Old-growth

stands produce little forage for livestock and, further-

more, the typically steep slopes impede access. How-
ever, shrubs provide abundant browse and cover for

big game. Multistoried shrub layers increase micro-

habitat diversity for birds (Fitzhugh et al. 1987). In

very old climax stands, the shrub component is re-

duced because of shading, and a moderate herba-

ceous cover becomes diagnostic.

Abies concolor/Erigeron eximius Habitat Type
(ABCO/EREX HT; white fir/forest fleabane)

Valeriana arizonica phase (ABCO/EREX HT,

VAAR PH; Arizona valerian)

Geographic location—This is a minor habitat type

in the study area represented by the Valeriana arizonica

Phase along the base of the Mogollon Rim in the

northeast Central Highlands. It may occur in the Pla-

teau Region as well.

Vegetation

—

Abies concolor and Pseudotsuga

menziesii are climax codominants with Pinus strobi-

formis as a late serai or subclimax species. Pinus pon-

derosa and Quercus gambelii are minor serai species in

early succession. The undergrowth is richly herba-

ceous with a variable representation of shrubs. Acer

glabrum, Holodiscus dumosus, Quercus gambelii, and
Symphoricarpos oreophilus may be present, but they

seldom exceed 1% cover individually, or 5% collec-

tively. Herb cover can exceed 40% and is dominated

by Bromus richardsonii, Fragaria ovalis, Geranium
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richardsonii, Valeriana arizonica, and Viola canadensis.

It is the luxuriant, highly diverse undergrowth of this

type that is characteristic. In this phase, Valeriana

arizonica is well-represented and diagnostic, and Eri-

geron eximius may or may not be present.

Physical setting—The cool, moist mesic ABCO/
EREX HT is located along the lower slopes of ravines

with northerly aspects at about 7,000 feet (2,130 m).

Soils are usually deep and well-watered throughout

the growing season.

Adjacent habitat types—On rocky sites with shal-

lower soils, the drier ABCO/QUGA or the wetter

ABCO/ACGL HTs may be found. Along stream

channels, the ABCO/JUMA HT may be adjoining.

Comments—The typic phase of the ABCO/EREX
HT has been previously described in detail for New
Mexico and southern Colorado by Fitzhugh et al.

(1987), DeVelice et al. (1986) and Moir and Ludwig
(1979). The VAAR PH is unique to the Central High-

lands, and differs from the typic phase because Eri-

geron eximius is scarce or absent. The remainder of

the species complement is very similar to that de-

scribed in the above studies, except for the high cover

of Valeriana arizonica.

Timber productivity for Pseudotsuga menziesii is

moderate and favored by clearcuts and, to a lesser

degree, by shelterwood cuts. Selection cutting will

favor Abies concolor. The diversity and high cover of

forbs, along with the close proximity of water, makes
the ABCO/EREX HT excellent wildlife habitat.

Abies concolor/Quercus gambelii Habitat Type
(ABCO/QUGA HT; white fir/Gambel oak)
Geographic location—This major habitat type is

widespread and commonly occurs in the Santa

Catalina, Pinaleno, Chiricahua, and Pinal Mountains

of the Basin Ranges. In the Central Highlands, it oc-

curs in the Sierra Ancha, Bradshaw Mountains, and
along the Mogollon Rim. It is uncommon in the White

Mountains of the Plateau Region.

Vegetation

—

Abies concolor and Pseudotsuga

menziesii codominate in the overstory. Pinus strobi-

formis, Pinus ponderosa, and occasionally Juniperus

deppeana are important serai species. Quercus gambelii

is the characteristic subcanopy and undergrowth
species, often forming nearly impenetrable thickets,

especially following overstory thinning or fire.

Robinia neomexicana and Symphoricarpos spp. are other

common shrubs along with Berberis repens and
Lonicera arizonica. Prominent graminoid cover in-

cludes Bromus richardsonii, Carex foenea, Koeleria

pyramidata, and Panicum bulbosum. Forb species are

well-represented and diverse, with over 50 species

found in the HT. The most constant species are Gera-

nium richardsonii, Goodyera oblongifolia, Lathyrus

arizonica, Pseudocymopterus montanus, Smilacina

racemosa, Solidago sparsiflora, Thalictrum fendleri,

Thermopsis divaricata, and Viola canadensis.

Physical setting—The cool ABCO/QUGA HT is

commonly found in mesic to dry mesic conditions.

It has a wide elevation range of 6,000 to 8,100 feet

(1,830 to 2,470 m) and can occur on almost all land-

scape positions and aspects. Slopes vary from gentle

to very steep. Soils from this type have been identi-

fied by the Apache-Sitgreaves Terrestrial Ecosystem

Survey as Eutric Glossoboralfs and Typic Paleo-

boralfs with a variety of textural classes (Laing et al.

1989).

Adjacent habitat types—This habitat type often

adjoins Pseudotsuga menziesii or Pinus ponderosa for-

ests which lack an Abies component. Wetter or cooler

sites merge to the ABCO/ACGL HT. On more moist,

down slope sites, this HT can adjoin the ABCO/
ACGR HT. Drier or warmer sites may have types

with grassy undergrowth, such as the PSME/MUVI
or the PIPO/MUVI HTs.

Comments—TheABCO /QUGAHT is widespread

in the Southwest and previously has been described

in Arizona, New Mexico, and southern Colorado

(Alexander et al. 1984a, 1987; DeVelice et al. 1986;

Fitzhugh et al. 1987; Moir and Ludwig 1979). The
ABCO/QUGA HT is also a minor habitat type in

southern Utah (Youngblood and Mauk 1985).

Fire is a major factor in the ecology of these forests

and the high Quercus gambelii cover is probably re-

lated to its ability to reproduce vegetatively after fire.

If frequent fires maintain a high conifer mortality rate,

persistent Quercus gambelii scrub communities may
result (Brown 1958).

Timber productivity is moderate for both Pseudo-

tsuga menziesii and Pinus ponderosa. Oaks will tend to

occupy sites following exposure resulting from

clearcuts and seedtree cuts; shelterwood and selec-

tion cutting will, in contrast, favor conifers. This habi-

tat type provides valuable cover and food for deer

and bird populations.

Abies concolor/Acer grandidentatum Habitat

Type
(ABCO/ACGR HT; white fir/bigtooth maple)
Geographic location—This major habitat type oc-

curs sporadically in the Santa Catalina, Pinaleno, and
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Pinal Mountains of the Basin Ranges; in the Sierra

Ancha, Bradshaw Mountains, and along the Mo-
gollon Rim of the Central Highlands.

Vegetation—Over stories exhibit codominance of

Abies concolor and Pseudotsuga menziesii; Pinus

strobiformis is a minor climax or late serai associate.

Pinus ponderosa is a minor, early serai species. In ad-

dition to abundant Acer grandidentatum, Juglans ma-

jor and Quercus gambelii are common broadleaf tree

associates. Herbaceous undergrowth is well-repre-

sented but variable in expression. Bromus richardsonii,

Carexfoenea, and Koeleria pyramidata are the common
graminoids. Fragaria ovalis, Galium asperrimum, Ge-

ranium richardsonii, Thalictrum fendleri, and Viola

canadensis are among the most constant forbs.

Physical setting—The cool, moist mesic ABCO/
ACGR HT generally occurs along steep northerly,

lower slopes of drainages at elevations ranging from

6,700 to 7,600 feet (2,050 to 2,310 m).

Adjacent habitat types—Typically, the ABCO/
QUGA HT adjoins this HT upslope. Riparian com-
munities may be found downslope along drainages.

Comments—The ABCO /ACGR HT type has been

previously described for Arizona and central and
southwestern New Mexico (Alexander et al. 1984a,

Fitzhugh et al. 1987, Moir and Ludwig 1979).

Whittaker and Niering (1965) described a Acer

grandidentatum ravine forests in the Santa Catalina

Mountains that most likely are this ABCO/ACGR
HT.

The mesic conditions and typically deep soils in

this habitat type favor rapid tree growth. However,
the restricted area of the type reduces the potential

for extensive timber management operations. Diverse

wildlife habitat exists because of the varied vegeta-

tion layers and the close proximity to water.

Abies concolor/Juglans major Habitat Type
(ABCO/JUMA HT; white fir/Arizona walnut)

Geographic location—This is minor, broadly de-

fined, riparian habitat type is found in higher eleva-

tion drainages along the Mogollon Rim and in the

Sierra Ancha of the Central Highlands.

Vegetation—The overstory is characterized by the

dominance of Abies concolor, with Pseudotsuga

menziesii as a minor climax associate. There is a di-

verse subcanopy composed of a mixture of Acer

negundo, Fraxinus pennsylvanica, Juglans major, or

Quercus gambelii. Pinus ponderosa is a minor serai spe-

cies. The shrub layer is minor; Berberis repens is the

most common shrub species present. The herb stra-

tum is luxuriant with Fragaria ovalis, Galium

asperrimum, Geranium richardsonii, Lathyrus arizonica,

Osmorhiza depauperata, Thalictrum fendleri, and Viola

canadensis present and usually common.
Physical setting—The cool, moist mesic ABCO/

JUMA HT is located along terraces of high elevation

perennial streams (8,000+ feet; 2,440+ m). Soils are

usually alluvial Aquents and tend to be silty in a

matrix of boulders and rocks.

Adjacent habitat types—Up slope from this HT
nonriparian HTs of the Abies concolor or Pseudotsuga

menziesii series are usually found.

Comments—The ABCO/JUMA HT has been pre-

viously described in southern New Mexico by
Alexander et al. (1984a) and Fitzhugh et al. (1987).

Documentation is limited and additional work is

needed to better define this type.

Although the ABCO/JUMA HT is limited geo-

graphically, its presence along stream courses makes
it important in water, fisheries, and wildlife resource

management.

Pseudotsuga menziesii Series

This series is characterized by stands dominated

by Pseudotsuga menziesii, from reproduction to ma-
ture size classes. Pinus strobiformis and P. ponderosa

can either be subclimax codominants or major serai

species. Abies spp. and Picea spp. are absent or acci-

dental. The distribution of the series is limited to the

moisture /temperature gradient between the Abies

concolor and Pinus ponderosa series, and this series

generally lies between the two in elevation.

Pseudotsuga menziesii/Sparse Habitat Type
(PSME/Sparse HT; Douglas-fir/Sparse)

Geographic location—This minor habitat type is

known from the Santa Catalina and Santa Rita Moun-
tains of the Basin Ranges, and it likely occurs in the

Central Highlands. It is common in the Plateau Re-

gion outside the study area.

Vegetation—The PSME/Sparse HT is character-

ized by the strong presence of Pseudotsuga menziesii

in all size classes. Pinus strobiformis is a minor climax

associate. Abies concolor can be a minor coclimax spe-

cies but is usually absent or poorly represented. The

undergrowth is low in diversity and sparse; total

cover seldom exceeds 5% (fig. 4). Symphoricarpos

oreophilus is the most constant shrub, occurring as

isolated individuals. Graminoids are the conspicu-

ous herbs (Bromus richardsonii, Carex foenea, C.
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Figure 4.

—

Pseudotsuga menziesiil Sparse HT in a mid slope

position in the Santa Catalina Mountains at 8,650 feet (2,620 m).

The herb and shrub layers are almost absent.

geophila, and Poa fendleriana) along with soil mosses.

Forbs are minor or scattered and may include Malaxis

soulei, Pseudocymopterus montanus, Senecio ivootonii,

Smilacina stellata, and Thalictrum fendleri.

Physical setting—The cool, mesic PSME/ Sparse

HT occurs on upper slopes and ridges at mid arid

upper elevations (8,500+ feet; 2,600 m). Soils tend to

be rocky and shallow.

Adjacent habitat types—Adjoining habitat types

on more mesic sites are the ABCO/CAFO, ABCO/
ACGL, or ABCO/ACGR HTs. More xeric sites fea-

ture ABCO/QUGA, PSME/QUGA, PSME/MUVI, or

PSME/QURU HTs.

Comments—The PSME /Sparse HT has been re-

ported in northern Arizona by Alexander et al.

(1984b), who indicated that this habitat type is often

difficult to identify because of the lack of diagnostic

species. They also suggested that the PSME /Sparse

is intermediate between shrub-dominated and grass-

dominated communities—a case where neither com-
ponent is well-expressed. Further, young succes-

sional communities of other habitat types may re-

semble this type where dense pole stands of

Pseudotsuga menziesii dominate and shade out the

understory species. The sparse character and overall

physiognomy of this type are similar to the ABCO/
BERE, ABLA/Moss, and PIEN/Moss HTs.

Pseudotsuga menziesii productivity is moderate, and
this species is favored under most timber-harvest meth-

ods. The dense overstory canopy is partly responsible

for the sparse undergrowth. With canopyremoval, shrubs

and grasses will show a moderate response to release. In

the climax condition, forage and cover are poor.

Pseudotsuga menziesii/Muhlenbergia
virescens Habitat Type
(PSME/MUVI HT; Douglas-fir/screwleaf muhly)
Geographic location—This major habitat type is

widespread in the Chiricahua, Pinaleno and Santa

Catalina Mountains of the Basin Ranges, and it is

occasionally found to the north in the White Moun-
tains of the Plateau Region.

Vegetation

—

Pseudotsuga menziesii and Pinus pon-

derosa are generally present in all size classes, while

Pinus strobiformis is a minor climax species, usually

present only in small size classes. Abies concolor is

absent or minor. The type is characterized by a luxu-

rious grassy undergrowth dominated by Muhlen-

bergia virescens (fig. 5). Shrub cover is not significant.

Common herbs are Antennaria spp., Bromus richard-

sonii, Carex geophila, Koeleria pyramidata, Eupatorium

herbaceum, Pseudocymopterus montanus, Senecio

ivootonii, and Solidago sparsiflora.

Physical setting—The cool, mesic PSME/MUVI
HT occurs on dry mid to upper slopes on ridges at

elevations between 8,000 and 9,300 feet (2,440 and

2,840 m). All aspects are encountered, and slopes vary

from moderate to steep. Under conditions where soils

have dominated for an extended period, soils with

mollic epipedons such as Mollic Eutroboralfs may
develop. Where trees have a greater influence, the

epipedon is often ochric (e.g., Typic Eutroboralfs).

Adjacent habitat types—On cool, rockier sites the

PSME/QUGA or ABCO/QUGA HTs are adjoining.
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Figure 5.

—

Pseudofsuga menziesii/Muhlenbergia virescens HT found throughout the study area, usually on upper slopes.

The understory is characteristically grassy and shrubs are insignificant.

On warmer, rockier sites, the PIPO/QUGA HT is

found. The PIPO/MUVI HT may be found on
warmer sites with fine-textured soils.

Comments—The PSME/MUVI HT was first de-

scribed in Arizona by Moir and Ludwig (1979) and re-

ported in southwestern New Mexico by Fitzhugh et al.

(1987). In the Santa Catalina Mountains, Whittaker and

Niering (1965) also described a similar community.

The high cover of Muhlenbergia virescens and as-

sorted herbs suggests frequent fires within the type.

Areas lacking recent fires have abundant coniferous

regeneration and depauperate herb layers.

Site quality is moderate to high for Pseudotsuga

menziesii and Pinus ponderosa. Clearcuts and seedtree

cuts will favor increased graminoid cover at the ex-

pense of conifer regeneration. Shelterwood cutting

will favor Pinus ponderosa. Selection cutting will tend

to favor Pseudotsuga menziesii because of its some-

what greater shade tolerance. Grazing potential may
be high within this type, but access is often difficult,

and water sources are usually not readily available.

Pseudotsuga menziesii/Muhlenbergia

montana Habitat Type
(PSME/MUMO HT; Douglas-fir/mountain muhly)
Geographic location—This minor habitat type is

found in the Santa Catalina Mountains ofthe Basin Ranges.

Vegetation

—

Pseudotsuga menziesii is the climax

overstory dominant. Abies concolor is absent or acci-

dental. Pinus strobiformis and Populus tremuloides are

minor serai species. Muhlenbergia montana dominates

the undergrowth along with Blepharoneuron tricholepis

and Poa fendleriana.

Physical setting—The cool, dry mesic PSME/
MUMO HT occupies high-elevation ridgetops (8,850

feet or 2,700 m) near the summit of Mt. Lemmon. As
in the PSME/MUVI, soils of thisHT can develop mollic

epipedons where grass cover is luxuriant, or ochric

epipedons where trees suppress grass cover. But soils

here tend to be from lithic subgroups and are rockier.

Adjacent habitat types—Adjacent HTs are the

ABLA/JAAM HT on northerly aspects and the

PSME/QUGA HT on southerly exposures.
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Comments—This type has been previously de-

scribed by Fitzhugh et al. (1987) for southwestern

New Mexico, and by Alexander et al. (1987) for the

Zuni Mountains. In this study this HT was found at

higher elevations and lacked several of the species

reported by the above authors. In the Santa Catalina

Mountains, this type may be a topo-edaphic anomaly

where Pseudotsuga menziesii and Muhlenbergia

montana have become dominant on a cold ridge top

with extremely lithic soils.

Pseudotsuga menziesii/Quercus gambelii
Habitat Type
(PSME/QUGA HT; Douglas-fir/Gambel oak)
Geographic location—This major habitat type

commonly occurs in the Santa Catalina, Santa Rita,

Huachuca, Pinaleno, Chiricahua and Galiuro Moun-
tains of the Basin Ranges, and in the White Moun-
tains and on the northern Nantanes Plateau of the

Plateau Region. It also occurs in the Pinal Mountains

and potentially elsewhere in the Central Highlands.

Vegetation

—

Pseudotsuga menziesii is the climax

dominant in the overstory. Pinus ponderosa and P.

strobiformis are major serai species and can persist

into late serai/subclimax stages. Juniperus deppeana

may sometimes occur as a minor serai species.

Quercus gambelii is well-represented to abundant, and
dominates the shrub layer in association with such

species as Holodiscus dumosa, Robinia neomexicana and
Symphoricarpos oreophilus. Herb layers tend to be

grassy with a diverse but variable mixture of forbs

(96 grass and forb species have been recorded for this

HT). Bromus richardsonii, B. porteri, Koeleria pyramidata,

Poafendleriana, and Stipa pringlei are the most common
grasses. The most constant forbs are Achillea millefolium,

Galium asperrimum, G.fendleri, Lathyrus arizonica, Oxalis

metcalfei, Pseudocymopterus montanus, Senecio neo-

mexicanus, Thalictrum fendleri, and Vicia americana.

Physical setting—In this cool, mesic habitat type

of northerly aspects, slopes range from moderate to

very steep, and elevations range from 6,300 to 7,600

feet (1,920 to 2,310 m). Soils are commonly fine-tex-

tured and are skeletal inceptisols or alfisols.

Adjacent habitat types—The PSME/QUGA HT
occupies a position in the environmental gradient

between the cooler ABCO/QUGA HT and the

warmer PIPO/QUGA or PSME/QURU HTs. Adja-

cent areas with finer textured soils may support

PSME/MUVI or PIPO/MUVI HTs.

Comments—Alexander et al. (1984a,b) and
Fitzhugh et al. (1987) report a typic phase of the

PSME/QUGA HT for southern New Mexico and
northern Arizona that is equivalent to the HT de-

scribed here. Alexander et al. (1987) and Youngblood
and Mauk (1985) also describe the PSME/QUGA HT
for central New Mexico and southern Utah, respec-

tively, with a shrub and forb composition that is

somewhat different than that of theHT reported here.

This dissimilarity increases further north with the

PSME /QUGAHT as describedby DeVelice et al. (1986)

in southern Colorado. The Pinus ponderosa I Quercus

gambelii/ Carex geyeri habitat type described by Hess

and Wasser (1982) in the central Rockies and the

Pseudotsuga menziesii/ Symphoricarpos oreophilus habitat

type from the central and northern Rockies (Ko-

markova et al. 1988, Pfister et al. 1977 Steele et al.

1981) show only weak affinities with the PIPO/
QUGA HT.

As in the other Quercus habitat types, oak is the

most conspicuous feature of the vegetation. Grasses

are commonly important in the undergrowth; there-

fore this type has broad management possibilities

that range from timber to forage production (DeVelice

et al. 1986). Vertical diversity in this shrubby type

supports varied bird species (Fitzhugh et al. 1987).

Timber productivity for Pseudotsuga menziesii and
Pinus ponderosa is moderate. Clearcuts and seedtree

cuts will favor Pinus ponderosa, but the release of

Quercus gambelii can hinder conifer reproduction.

Selection cuts will tend to favor Pseudotsuga menziesii.

Fire suppression favors dense stands of Pseudotsuga

over the serai Pinus ponderosa. In contrast, severe fires

may favor oak scrub dominated by Q. gambelii.

Pseudotsuga menziesii/Acer grandidentatum
Habitat Type
(PSME/ACGR HT; Douglas-fir/big tooth maple)
Geographic location—This minor habitat type is

known only from the Galiuro Mountains, but may pos-

sibly occur in other mountains of the Basin Ranges.

Vegetation

—

Pseudotsuga menziesii is the climax

dominant in the overstory, with a subcanopy oiAcer

grandidentatum and Pinus discolor. Acergrandidentatum

also dominates the characteristically shrubby under-

growth (fig. 6). Other common shrubs include Arbu-

tus arizonica, Fraxinus pennsylvanica, Garrya wrightii,

Holodiscus dumosus, Lonicera arizonica, Ptelea angus-

tifolia, Prunus serotina, Quercus chrysolepis, Q. rugosa,

Q. arizonica, Rhamnus betulaefolia, Robinia neomexicana,

Rubus neomexicana, and Symphoricarpos oreophilus. Poa

fendleriana is well-represented in the herb layer, but

the only other common forbs and grasses are
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Figure 6.—Pseudotsuga menziesii/Acer grandidentatum HT in the Galiuro Mountains at 7,300 feet (2,225 m).

The shrub cover is high and herbaceous cover low.

Bromus richardsonii, Brickellia grandiflora, and Galium

asperrimum.

Physical setting—The cool to mild, moist mesic

PSME/ACGR HT is found either in steep, upper
slope draws at approximately 7,000 feet (2,135 m), or

at lower elevations (5,000 to 5,300 feet or 1,530 to 1,620

m) as a topo-edaphic climax in canyon bottoms,

where it is found on benches along stream channels.

Adjacent habitat types—Pine-oak woodlands are

found on drier and warmer upper slopes. Along
stream channels, the PSME/ACGR HT may adjoin

riparian communities dominated by Alnus oblon-

gifolia, Fraxinus pennsylvanica, Acer negundo, or Acer

grandidentatum.

Comments—The PSME/ACGR HT is a rare and
peripheral habitat type in the United States and is

probably more common in northern Mexico.

Site productivity is low for Pseudotsuga menziesii

and successful reproduction following harvest is

unlikely. Cover and forage is good to excellent for

wildlife, but the shrubbiness may impede livestock

use.

Pseudotsuga menziesii/Quercus rugosa
Habitat Type
(PSME/QURU HT; Douglas-fir/ netleaf oak)
Geographic location—This minor habitat type is

found sporadically in the Pinaleno, Santa Catalina,

Santa Rita, and Huachuca Mountains, and infre-

quently along the edge of the Nantanes Plateau of

the Basin Ranges.

Vegetation

—

Pseudotsuga menziesii is the overstory

climax dominant with Pinus ponderosa and Pinus

strobiformis as major serai species. The evergreen oak,

Quercus rugosa, is the characteristic shrub, often reach-

ing a cover of 60% or more. Quercus hypoleucoides is

common, but with a cover of less than 5%. On very

rocky sites, Quercus chrysolepis can be well-repre-

sented. Grass cover is low and most commonly rep-

resented by Bromus richardsonii, Koeleria pyramidata,

Muhlenbergia longiligula, and Poa fendleriana. Herba-

ceous cover is also minor, with a scattering of spe-

cies such as Galium tinctorium, Hedeoma hyssopifolium,

Lathyrus graminifolius, Senecio neomexicanus, Thalict-

rum fendleri, and Vicia americana.
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Physical setting—The cool, dry mesic PSME/
QURU HT ranges in elevation from 6,500 to 8,800

feet (1,980 to 2,680 m) on northerly aspects. Soils are

shallow, very rocky, and are developed from rhyo-

lite and granite parent materials. At high elevations

the type occupies steep, mid and upper slopes with

convex topography. The PSME/QURU HT can also

occur as a topo-edaphic climax at lower elevations

in ravines and canyons with significant cold air drain-

age. The soils in such locations are deeper yet remain

cool.

Adjacent habitat types—On warmer sites at

higher elevations, the PSME/QUHY, PIPO/QUHY,
or PIPO/MUVI HTs and occasionally the PIPO/
QUGA HT adjoin this HT. On cooler sites, the com-

mon ecotone is with the PSME/QUGA HT. In lower

elevation canyons, the PIPO/JUMA HT or other ri-

parian forests may be found.

Comments—The PSME/QURU is sporadic in oc-

currence and normally found as part of a mosaic of

Quercus hypoleucoides and Q. gambelii types, which
shifts in response to small changes in topography,

soil rockiness, and aspect in the local landscape.

Timber productivity for conifers (compared to

other types where oak is a component) is poor in the

Up slope positions and moderate in the canyon sites.

Seedtree cutting or clear cutting will favor oak scrub;

shelterwood cutting will favor Pseudotsuga and Pinus

ponderosa; and selection cutting will favor Pseudotsuga

menziesii. Sustained oak fuelwood production poten-

tial is low. Grazing potential is low because of the

steep, rocky slopes. Both forage and cover are pro-

vided by this HT, and it has moderate value as wild-

life habitat.

Pseudotsuga menziesii/Quercus
hypoleucoides Habitat Type
(PSME/QUHY HT; Douglas-fir/silverleaf oak)

Geographic location—This major habitat type is

found in the Chiricahua, Pinaleno and Santa Catalina

Mountains, and occasionally along the rim of the

Nantanes Plateau of the Basin Ranges. It may possi-

bly occur in the Pinal Mountains but is absent else-

where in the Central Highlands.

Vegetation

—

Pseudotsuga menziesii dominates the

overstory with Pinus ponderosa as a major serai or, in

some instances, a co-climax dominant. Abies concolor

is absent or accidental. Juniperus deppeana is common
as a subcanopy tree or shrub. Undergrowth is char-

acterized by Madrean species, with Quercus hypo-

leucoides ranging from well-represented to abundant.

Quercus arizonica and Q. rugosa are common to well-

represented but are subordinate to Q. hypoleucoides.

Other shrubs include Ceanothus fendleri, Cercocarpus

montanus, and Garrya wrightii. The robust grass,

Muhlenbergia longiligula, is well-represented and typi-

cally dominates the ground cover. Bromus richardsonii,

Carex geophila, Koeleria pyramidata, and Poa fendleriana

can also be present. Forbs are poorly represented; the

most constant species are Comandra umbellata, Eupa-

torium herbaceum, Oxybaphus comatus, and Senecio

neomexicanus.

Physical setting—The cool, dry mesic PSME/
QUHY HT occurs at elevations ranging from 6,600

to 7,700 feet (2,010 to 2,350 m) on northerly to east-

facing, mid to upper slopes.

Adjacent habitat types—Adjoining habitat types

include the PSME/QUGA HT in more mesic and

cooler settings; the PSME/QURU HT on cooler as-

pects or higher elevations; and the PSME/QUAR,
PIPO/QUHY, or PIPO/QURU HTs on drier sites.

Comments—This type was broadly described by

Moir and Ludwig (1979) for southeastern Arizona

and southwestern New Mexico, and then by
Fitzhugh et al. (1987) for southwestern New Mexico.

Their definition of the PSME/QUHY HT would also

include the PSME/QURU HT described above. In

Arizona, the PSME/QUHY HT is more or less lim-

ited to the Basin Ranges Region. In the Central High-

lands, the PSME/QUHY HT is replaced by the

PSME/QUAR HT (except in the Pinal Mountains).

There is abundant cover for wildlife in this type,

but forage (other than acorns) is limited for either

wildlife or domestic stock. Coniferous timber pro-

duction is typically low. Clearcuts and seedtree cuts

favor Quercus spp.; selection cuts favor Pseudotsuga

menziesii; and shelterwood cuts favor both Pseudo-

tsuga menziesii and Pinus ponderosa. This HT has

fuelwood potential from Quercus spp. and Juniperus

deppeana.

Pseudotsuga menziesii/Quercus arizonica

Habitat Type
(PSME/QUAR; Douglas-fir/Arizona white oak)

Geographic location—This minor habitat type of

the Central Highlands is found occasionally in the

Bradshaw Mountains, the Sierra Ancha, and along

the Mogollon Rim.

Vegetation

—

Pseudotsuga menziesii and Pinus pon-

derosa are climax codominants; Abies concolor is ab-

sent or accidental. Juniperus deppeana is a constant

species but a minor climax component of the sub-
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canopy. The shrub layer is dominated by Quercus

arizonica, with Q. gambelii and Q. emoryi poorly rep-

resented; Q. hypoleucoides is absent. The herb layer is

sparse and characterized by scattered bunch grasses,

including Koeleria pyramidata, Muhlenbergia longiligula,

and Poa fendleriana (fig. 7). The most constant forbs

are Comandra umbellata, Pseudocymopterus montanus,

and Senecio neomexicana.

Physical setting—The cool, dry mesic PSME/
QUAR HT is found on a variety of land forms with

southerly aspects at mid elevations (5,800 to 7,000

feet; 1,770 to 2,130 m). The sites tend to be rocky and
have skeletal soils.

Adjacent habitat types—On cooler sites, the

PSME/QUAR HT adjoins PSME/QUGA or PIPO/
QUGA HTs. Warmer sites support the PIPO/QUAR
HT or montane chaparral. This type is often found

in a mosaic with the PIPO/QUAR HT occupying

ridges and the PSME/QUAR HT in the drainages of

the local landscape.

Comments—Wildlife forage and cover are mod-
erate, but grazing for domestic livestock is poor. This

type is at the warm limit of the ecological range of

Pseudotsuga menziesii, and timber potential for that

species is low. Pinus ponderosa productivity is poor

to moderate. Timber harvest, in general, will favor

oak scrub or montane chaparral; but in cases where

moisture is adequate, timber production maybe good

for Pinus ponderosa, relative to other evergreen oak

habitat types.

Pinus ponderosa Series

This series is generally found at lower elevations

than spruce-fir or mixed conifer forests, and is domi-

nated in all size classes by Pinus ponderosa. Environ-

ments tend to be too warm and dry for successful

Pseudotsuga menziesii establishment and maintenance

(Layser and Schubert 1979). Pinus edulis or P. discolor,

along with Juniperus spp. and Quercus spp., are com-

mon subcanopy associates. The Pinus ponderosa se-

ries is the most prevalent of the forest series south of

the Mogollon Rim and is highly diverse with respect

to habitat types.

v I'M

Figure 7.

—

Pseudotsuga menziesii/Quercus arizonica HT along an upper slope in the Bradshaw Mountains at 6,560 feet (2,000 m).

Q. arizonica is both subcanopy and shrub dominant, with scattered bunch grasses beneath.
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Pinus ponderosa/Festuca arizonica Habitat

Type
(PIPO/FEAR HT; ponderosa pine/Arizona

fescue)

Geographic location—This habitat type is most
commonly found in the Plateau Region, on the north

side of the White Mountains; it is rarely found south

of the Mogollon Rim.

Vegetation—The PIPO/FEAR HT is characterized

by pure, open stands of Pinus ponderosa with a grassy

undergrowth dominated by Festuca arizonica.

Muhlenbergia virescens and M. montana are poorly rep-

resented and never dominant. Shrubs are absent or

scarce. Forbs can include Senecio wootonii, Pteridium

aquilinum, and Potentilla hippiana.

Physical setting—The cool, mesic PIPO/FEARHT
is found at mid elevations (8,000 feet; 2,044 m) on
plateaus or on gentle slopes with southerly aspects.

Soils commonly tend to be fine-textured alfisols, lack-

ing a significant coarse fragment component. Where
graminoids have dominated the site for an extended

period of time, mollic epipedons may develop.

Adjacent habitat types—On cooler sites with

coarser textured soils, adjacent habitat types may
include the PIPO/QUGA HT, or PSME/QUGA HT
(or other mixed conifer habitat types). Drier sites may
feature the PIPO/MUVI and PIPO/BOGR HTs, or

Festuca arizonica or Bouteloua gracilis grasslands.

Comments—This habitat type is widespread in the

Southwest, north of the Mogollon Rim. It has been
described in detail by Fitzhugh et al. (1987) for south-

western New Mexico, by DeVelice et al. (1986) for

northern New Mexico and southern Colorado, by
Alexander et al. (1987) for central New Mexico, by
Hanks et al. (1983) for northern Arizona, and by
Komarkova et al. (1988) for west central Colorado. The

Pinus ponderosa/ Festuca idahoensis habitat type described

for the central and northern Rocky Mountains is simi-

lar in physiognomy (and to some degree in composi-

tion) to the PIPO/FEAR HT (Daubenmire and
Daubenrnire 1968, Hoffman and Alexander 1976, Mauk
and Henderson 1984, Pfister et al. 1977, Steele et al. 1981).

The PIPO/FEAR HT is the coolest and wettest of

the grass-dominated Pinus ponderosa habitat types.

Pinus ponderosa site productivity is moderate to high.

Shelterwood cutting is considered the best method
for ensuring good reproduction of Pinus ponderosa.

Fire has been important historically in maintaining

the savanna-like appearance of this habitat type, with

its grassy undergrowth lacking thickets of trees and
shrubs. With fire suppression, the canopy tends to

close and reduce grass cover. Festuca arizonica is sen-

sitive to overgrazing and may be replaced by Muhlen-
bergia virescens or Bouteloua gracilis.

Pinus ponderosa/Muhlenbergia virescens

Habitat Type
(PIPO/MUVI HT; ponderosa pine/screwleaf

muhly)
Geographic location—This major habitat type oc-

curs extensively in the Chiricahua, Pinaleno, Galiuro,

Pinal, Santa Terresa, Santa Catalina, Santa Rita and
Huachuca Mountains of the Basin Ranges; in the

Malay Gap area of the Nantanes Plateau and White

Mountains of the Plateau Region; and at the foot of

the Mogollon Rim of the Central Highlands.

Vegetation

—

Pinus ponderosa is the climax overstory

species with Juniperus deppeana common in the

subcanopy. The occasional occurrence of Pinus strobi-

formis, Populus tremuloides, and Pseudotsuga menziesii in

small size classes suggests the mesic character of this

habitat type. Undergrowth shrubs are generally scarce,

although Quercus gambelii is common. The undergrowth
is characteristically grassy and dominated by abundant

Muhlenbergia virescens. Other graminoids that may be

present andcommon include Bromus richardsonii, Carex

geophila, Koeleria pyramidata, Muhlenbergia longiligula, Poa

fendleriana, Sitanion hystrix, and Stipa pringlei. Forbs are

diverse, with over 80 species possible, but their cover is

relatively insignificant. The most constant are Hieracium

fendleri, Hedeoma hyssopifolium, Pseudocymopteris

montanus, Pteridium aquilinum, Senecio neomexicanus,

Solidago wrightii, and Solidago sparsiflora.

Physical setting—The cool, mesic PIPO/MUVIHT
occurs on lower to upper slopes at elevations ranging

from 6,800 to 9,300 feet (2,070 to 2,840 m). Slopes tend

to be moderately steep to steep, with northerly and/or

easterly aspects. Soils sampled were all Udic Usto-

chrepts developed from a variety of parent materials.

Adjacent habitat types—This type is closely related

to the PSME/MUVI HT and adjoins it or the PIPO/

FEAR HT at higher elevations. The PIPO/QUGA or

PSME/QUGA HTs occur at similar elevations but on

more rocky, skeletal soils. At lower elevations in the

Basin Ranges, this HT grades to the PIPO/QUHY or

PIPO/QURU HTs; in the Central Highlands Region, it

grades to the PIPO/QUAR HT; and in the Plateau Re-

gion, it grades to the PIPO/BOGR HT or grassland.

Comments—This common habitat type of the

Southwest has been previously described in south-

western and central New Mexico by Alexander et al.

(1987), and Fitzhugh et al. (1987), and in northern
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Arizona by Hanks et al. (1983). South of the Mogollon
Rim this type lacks Pinus edulis.

Fire is important in maintaining this habitat type

since it occurs at the cool, moist end of the ecological

range of the Pinus ponderosa series. Young Pseudotsuga

menziesii trees are less fire resistant and more shade

tolerant than Pinus ponderosa (Moir and Ludwig 1979)

and, therefore, without periodic fire, Pseudotsuga

menziesii would gain dominance in many stands.

Furthermore, fire exclusion could result in increased

densities of Pinus ponderosa and Pseudotsuga menziesii

thereby resulting in decreased herb cover and dimin-

ished grazing. Livestock carrying capacity is typically

high in the more open stands compared to most other

Pinus ponderosa habitat types (Hanks et al. 1983).

The PIPO/MUVI HT is generally productive for

Pinus ponderosa timber because of the mesic condi-

tions, low competition with other woody plants, and
characteristically deep soils. Establishment of seed-

lings following clearcuts or seedtree cuts may prove

difficult because of the high grass cover. Fire may be

required to create adequate seedbeds, but it may also

favor Quercus scrub in the drier environments.

Shelterwood cutting is probably the best method to

ensure reproductive success.

Pinus ponderosa/Muhlenbergia montana
Habitat Type
(PIPO/MUMO HT; ponderosa pine/mountain

muhly)

Geographic location—This minor habitat type is

found in the Sierra Ancha Mountains of the Central

Highlands Region, and in the Rincon Mountains of

the Basin Ranges Region.

Vegetation

—

Pinus ponderosa is found in an open

canopy with Juniperus deppeana, Pinus edulis, and/ or P.

discolor as associated subcanopy minor climax species.

The undergrowth is characteristically grassy and domi-

nated by Muhlenbergia montana (fig. 8). Other grasses

and forbs include Artemisia spp., Bouteloua gracilis, Carex

geophila, Kuhnia rosmarinifolia, Lathyrus graminifolius,

Senecio neomexicanus, Sitanion hystrix, and Stipa pringlei.

Physical setting—The cool, mesic PIPO/MUMO
HT is found on gentle to moderate slopes or plateaus

Figure 8.

—

Pinus ponderosa/Muhlenbergia montana HT at the summit of the Sierra Ancha at 7,480 feet (2,280 m).

This predominantly grassy type is more common to the north. The floristic influence from southern Arizona and Mexico

is indicated by the presence of Agave spp. in the foreground.
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at elevations between 7,100 and 8,500 feet (2,160 and
2,590 m). Soils tend to be lithic and skeletal alfisols.

Adjacent habitat types—On less rocky sites or at

higher elevations, this HT may adjoin the PIPO/
FEAR. It may also grade to the shrubby PIPO/QUGA
HT at similar elevations and to the PSME/QUGA HT
at higher elevations. At lower elevations in the Basin

Ranges and Central Highlands Regions, this HT may
grade to the PIPO/QUHY or PIPO/QUAR HTs.

Comments—The PIPO/MUMO HT has been pre-

viously defined in the Southwest by Alexander et al.

(1987), DeVelice et al. (1986), and Fitzhugh et al.

(1987). The Pinus ponderosa / Poa fendleriana habitat

type of northern Arizona also is similar (Fitzhugh et

al. 1987, Hanks et al. 1983). However, considerable

regional variation occurs within the habitat type and
further study is needed.

Site quality is low to moderate for Pinus ponderosa,

depending on soil depth. Potential for livestock graz-

ing and wildlife forage is good, but cover is poor.

Pinus ponderosa/Quercus gambelii Habitat Type
(PIPO/QUGA HT; ponderosa pine/Gambel oak)
This is a major, complex habitat type found

throughout the study area. It is typified by Pinus pon-

derosa as the climax overstory with Quercus gambelii

as either a subcanopy tree or as a tall shrub with

greater than 5% cover (fig. 9). Four phases are recog-

nized: (1) a typic Quercus gambelii (QUGA) phase

where Muhlenbergia longiligula, Pinus edulis, and
Bouteloua gracilis are scarce or absent; (2) a Muhlen-

bergia longiligula (MULO) phase where M. longiligula

is well-represented, but Bouteloua gracilis and Pinus

edulis are absent or poorly represented; (3) a Bouteloua

gracilis (BOGR) phase where B. gracilis is common,
but Muhlenbergia longiligula and Pinus edulis are absent;

and (4) a Pinus edulis (PIED) phase where P. edulis is

present and the above grasses are absent or scarce.

Quercus gambelii typic phase (PIPO/QUGA,
QUGA PH; Gambel oak)

Geographic location—This phase of the PIPO/
QUGA HT is found throughout the study area at

upper elevations of the Pinus ponderosa series.

Vegetation—The PIPO/QUGA HT, QUGA PH is

characteristically shrubby and dominated by a high

cover of Quercus gambelii in both the subcanopy and
tall shrub stratum. Juniperus deppeana is commonly a

minor climax species; Pinus edulis and P. discolor are

rare. The shrub layer may contain mesic species such

as Symphoricarpos oreophilus, Berberis repens, or Robinia

Figure 9.

—

Pinus ponderosa/Quercus gambelii HT along a mid
slope in the Rincon Mountains at 7,840 feet (2,390 m).

Here Q. gambelii is an understory tree; elsewhere it may
be the dominant shrub.

neomexicana. The herb layer is diverse (over 80 species

have been recorded for this phase) and often luxuriant,

with cover values reaching 25% or more. Typical herb

species are Geranium richardsonii, G. caespitosum,

Thalictrumfendleri, Carex geophila, Koeleria pyramidata, Poa

fendleri, Sitanion hystrix, and Bromus richardsonii.

Muhlenbergia virescens may be present, but its cover is

less than 5%; Muhlenbergia longiligula is absent.

Physical setting—This cool, mesic phase is most

commonly found at moderate elevations (6,000 to

7,750 feet; 1,830 to 2,360 m), usually on mid to lower

canyon slopes with northerly aspects. At higher el-

evation or latitudes however, it is found on south-
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erly aspects. Slopes range from moderate to very
steep with shallow to deep, often skeletal soils.

Adjacent habitat types—On wetter or cooler sites

this phase grades to the PSME/QUGA HT or habitat

types of the Abies concolor series; on warmer and /or
drier sites it may grade to the PIPO/QUHY, PIPO/
QURU, or PIPO/QUAR HTs, and occasionally to the

PSME/QUHY or PSME/QURU HTs. On less rocky

soils, the phase may grade to the PIPO/MUVI HT.
Comments—This phase is important throughout

the southern Rocky Mountains and has been exten-

sively described for New Mexico and southern Colo-

rado (Alexander et al. 1984a, 1987; DeVelice et al.

1986; Fitzhugh et al. 1987). There is considerable het-

erogeneity in the undergrowth composition of this

phase throughout the Southwest, but the unifying

characteristic is shrub dominance over grasses. Hess
and Wasser (1982) describe a related Pinus ponderosa/

Quercus gambelii/ Carex geyeri habitat type in central

Colorado. Youngblood and Mauk (1985) document
a similar Symphoricarpos oreophilus phase of the PIPO/
QUGA HT in central Utah. Steele et al. (1981) describe

a weakly related Pinus ponderosa I Symphoricarpos

oreophilus habitat type in central Idaho.

As with all habitat types in the Pinus ponderosa se-

ries, fire is an important ecological factor in succes-

sion. Soon after intense fire, Quercus gambelii forms

dense thickets by extensive root sprouting. Severe

competition from oaks hinders the establishment of

conifers during this persistent shrub stage of succes-

sion (Hanks 1966). In certain areas Quercus gambelii

alone dominates stands with no hint of conifer es-

tablishment. These stands may, in fact, represent a

Quercus gambelii climax series (Brown 1958).

Forage production for livestock in this type is low.

Nevertheless, livestock use is common, but dense oak

thickets and a general lack of surface water make
grazing difficult in many areas. However, Quercus

stands provide favorable browse and cover for big

game and receive moderate to heavy use.

Site quality ranges from poor to moderate. The
release of Quercus gambelii following overstory re-

moval by clear cutting or seedtree harvest methods

severely limits Pinus ponderosa regeneration. Shelter-

wood cutting is recommended to maintain some con-

trol over oak development.

Bouteloua gracilis phase (PIPO/QUGA, BOGR
PH; blue grama)
Geographic location—This phase is extensive in

the Aubrey Cliffs area of the Plateau Region and in

the Juniper Mesa-Camp Wood area and Nantanes

Plateau of the Central Highlands Region.

Vegetation—The PIPO/QUGA HT, BOGR PH is sa-

vanna-like in appearance, and is characterized by open

canopies of Pinus ponderosa, with Quercus gambelii

present as a tall shrub or short tree. Large overstory Q.

gambelii are rare. Clonal patches of Q. gambelii are inter-

spersed with open, grassy areas usually dominated by
B. gracilis in association with Poa fendleriana, Carex

geophila, Sitanion hystrix, and occasionally Sporobolus

interruptus. The forb composition is similar to what is

often associated with pinyon-juniper savanna and in-

cludes Viguiera multiflora, Heterothecafulcrata, Eriogonum

racemosum, Erigeron divergens, and Astragalus spp.

Physical setting—This mild, dry mesic phase oc-

curs on plateau tops and gentle slopes with relatively

shallow soils derived primarily from sandstone or

limestone. Elevations range from 6,800 to 7,300 feet

(2,075 to 2,230 m).

Adjacent habitat types—On drier sites with steep

slopes, there is a shift to the PIPO/QUGA HT, PIED
PH or the PIPO/QUAR HT. With descending eleva-

tion there can be a gradual transition to the PIPO/
BOGR HT where Quercus gambelii becomes absent

or is minor. With more abrupt changes in elevation,

PIPO/QUGA HT, BOGR PH can directly adjoin pin-

yon-juniper-oak woodlands. On wetter sites with

deeper soils, the PIPO/QUGA HT, QUGA PH may
occur. As grazing impact increases, there may be a

shift to the PIPO/BOGR HT, ARTR PH.

Comments—This phase closely resembles the

Pinus ponderosa/Bouteloua gracilis HT, Quercus gambelii

PH as described by Hanks et al. (1983). In their study,

the orientation was toward graminoid dominance;

in this study, the emphasis is on the shrub layer as a

diagnostic feature. Thus, because Quercus gambelii is

well-represented, this phase is considered part of the

PIPO /QUGA HT. Another possibility is that the habi-

tat type of Hanks et al. (1983) may represent a lower

oak cover variant of this phase.

Pinus ponderosa productivity is moderate to good,

with robust reproduction under the open canopy.

However, fires of moderate intensity eliminate much
of this reproduction. As a consequence, only a very

small percentage of the reproduction reaches canopy

height, and it is patchy in distribution. This creates

the appearance of a savanna with widely spaced

groups of trees. Clearcuts and seedtree cuts can fa-

vor dense pole stands of Pinus ponderosa that will

subsequently require thinning. Shelterwood cutting

may prevent overstocking.
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The combination of the open canopy and a low to

moderate intensity fire regime enhances graminoid

production. Grazing potential is high, but subject to

shrub invasion with overuse. Wildlife forage is good,

but cover is poor and water is often unavailable.

Pinus edulis phase (PIPO/QUGA, PIED PH;

pinyon pine)

Geographic location—This minor phase is occa-

sionally found in the Aubrey Cliffs area of the Pla-

teau Region and in the Juniper Mesa-Camp Wood
area of the far western Central Highlands Region.

Vegetation—In this phase Pinus ponderosa forms a

moderately open canopy; Juniperus deppeana and /.

osteosperma occur in the subcanopy as minor climax

species. Quercus gambelii is well-represented and con-

centrated in the shrub layer. The undergrowth is dis-

tinctly shrubby with Q. turbinella, Cowania mexicana,

Cercocarpus montanus, Ceanothus greggii and Robinia

neomexicana often present. This phase lacks the grassy

savanna-like physiognomy of the other phases. Poa

pratensis and Carex geophila can be common, but

Bouteloua gracilis is absent or scarce. Forbs are scat-

tered and of minor importance; Penstemon linarioides,

Erigeron divergens, Eriogonum racemosum, Solidago

sparsiflora, and Lotus wrightii are usually present, but

each with less than 1% cover.

Physical setting—This mild, dry mesic phase has

been found at elevations from 6,500 to 6,800 feet

(1,980 to 2,070 m) on moderate slopes. On the Aubrey
Plateau, the phase is localized to plateau side slopes

composed of unconsolidated ancient river sediments

(as opposed to the sandstone or limestone cap of the

plateau tops). In the Juniper Mesa-Camp Wood area,

the phase is also is found on plateau side slopes or

on lower mountain slopes composed of limestone,

sandstone, or rhyolite.

Adjacent habitat types—This phase adjoins the

PIPO/QUGA HT, BOGR PH on plateau tops and
lower slopes. On drier, warmer sites it may grade to

the PIPO/BOGR HT or directly to pinyon-juniper-

oak woodland.

Comments—This phase has been previously de-

scribed by DeVelice et al. (1986) for southern New
Mexico and southern Colorado. It is similar to the

Pinus ponderosa/Bouteloua gracilis HT Pinus edulis PH
described by Hanks et al. (1983). But, the greater

cover of Q. gambelii (over 5%) and the poor represen-

tation of B. gracilis in plots of this study preclude plac-

ing them in the habitat type described by Hanks et

al. (1983).

Timber productivity is poor on these cobbly soils,

although reproduction is strong. Shelterwood cutting

will favor regeneration, while clear cutting or

seedtree cuts will enhance shrub establishment. Graz-

ing potential is low because of steep slopes and lim-

ited grass cover. Wildlife habitat is moderate, with a

fair amount of forage and cover available.

Muhlenbergia longiligula phase (PIPO/QUGA,
MULO PH; longtongue muhly)

Geographic location—This minor phase is found oc-

casionally in the eastern part of the Central Highlands

along the Mogollon Rim, and on the Nantanes Plateau.

Vegetation—A partially closed canopy of Pinus

ponderosa, a moderate subcanopy of Quercus gambelii,

and a well-represented tall shrub component of Q.

gambelii characterize this phase. Juniperus deppeana is

usually present as a minor climax species. Ceanothus

fendleri is a common shrub, and evergreen oaks are

scarce. The herb layer is characteristically grassy and
dominated by Muhlenbergia longiligula in association

with Poa fendleriana, Sitanion hystrix, Carex geophila,

and Bromus richardsonii. The more xeric site condi-

tion (compared to the QUGA Typic PH) is further

expressed by a scattering of such forbs as Bahia

dissecta, Tragia ramosa, Lotus wrightii, Senecio neomex-

icanus, Erigeron divergens, and Calliandra humilis.

Physical setting—This mild, dry mesic phase is

found on lower slopes at moderate elevations (5,600

to 7,300 feet or 1,710 to 2,230 m). Soils tend to be

moderately deep but skeletal.

Adjacent habitat types—On drier sites, this phase

intergrades to the PIPO /QUAR or PIPO /QUHY HTs
and on wetter, cooler sites to the PIPO/QUGA HT,

QUGA Phase.

Comments—The PIPO/QUGA HT, MULO PH
described here is a western extension of the phase

described by Fitzhugh et al. (1987) for southwestern

New Mexico. Site productivity for Pinus ponderosa

ranges from low to moderate, with usually strong re-

production. Shelterwood cuts will favor pine; clearcuts

and seedtree cuts will favor oak scrub and grass. Graz-

ing potential ranges from low to moderate, depending

on the degree of canopy closure. Steep slopes and lack

of readily available water often prevent significant use.

Pinus ponderosa/Bouteloua gracilis Habitat

Type
(PIPO/BOGR HT; ponderosa pine/blue grama)

This minor habitat type is most commonly found

in the Aubrey Cliffs area of the Plateau Region and
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less frequently below the Mogollon Rim. Two phases

are recognized: (1) the typical grass-dominated
Bouteloua gracilis phase, and (2) the shrub dominated
Artemisia tridentata phase.

Bouteloua gracilis phase (PIPO/BOGR; Typic

BOGR Phase; blue grama)
Geographic location—This phase is sporadic in

the Plateau and Central Highlands regions.

Vegetation—The BOGR PH is characterized by an
open stand of Pinus ponderosa, with a subcanopy of

P. edulis, Juniperus deppeana, or /. osteosperma. The
undergrowth is characteristically grassy and domi-
nated by Bouteloua gracilis in association with Aristida

fendleriana, Carex geophila, Poa fendleriana, Sitanion

hystrix, and Muhlenbergia montana. Quercus species

are absent or poorly represented. The most constant

forbs are Solidago sparsiflora, Plantago patagonica, Eri-

geron divergens, E. nudiflorus, Eriogonum alatum, and
Polygonum sawatchense.

Physical setting—The mild, dry mesic PIPO/
BOGR HT, BOGR PH is usually located in wide val-

ley bottoms at the lower elevation range of Pinus pon-

derosa (5,700 to 6,100 feet; 1,740 to 1,860 m). Soils tend

to be fine-textured and often developed from alluvium.

Adjacent habitat types—At lower elevations, this

phase grades to pinyon-juniper-oak woodlands and
at higher elevations, to the PIPO/QUGAHT, or other

Pinus ponderosa habitat types.

Comments—This phase is more extensive to the

north and west of the study area and has been de-

scribed in detail by Hanks et al. (1983) for northern

Arizona, and by Alexander et al. (1987), DeVelice et

al. (1986), and Fitzhugh et al. (1987) for New Mexico.

It is also closely related to the PIPO/QUGA HT,

BOGR PH described above and is differentiated from

it primarily by the poor representation of Quercus

gambelii.

Site productivity for Pinus ponderosa tends to be

low and shelterwood cutting is probably the best

method to ensure reproduction. Grazing potential is

good and wildlife habitat quality is moderate (this

phase is often important for turkey). There is

fuelwood potential for Juniperus spp., but regenera-

tion may be slow.

Artemisia tridentata phase (PIPO/BOGR, ARTR
Phase; big sagebrush)

Geographic location—This phase, though com-
mon elsewhere in the Plateau Region, is restricted in

this study to the Aubrey Cliffs area.

Vegetation—This phase is similar to BOGR PH
except that Artemisia tridentata is well-represented as a

shrub. The graminoid cover, particularly Bouteloua gra-

cilis, is reduced and replaced by a wide variety of forbs.

Physical setting—The mild, dry mesic phase is

found in wide valley bottoms where soils are rela-

tively deep. The elevation is usually about 6,500 feet

(1,980 m).

Adjacent habitat types—The most common adja-

cent habitat types at similar or more mesic sites are

the PIPO/BOGR HT, BOGR PH or the PIPO/QUGA
HT. At lower elevations and drier sites the PIPO/
BOGR HT, ARTR PH may also adjoin pinyon-juni-

per woodlands, oak scrub, or chaparral.

Comments—This phase has been previously de-

scribed for the Mogollon Plateau by Hanks et al.

(1983). Site productivity is similar to that of the BOGR
PH, except that the grazing and wildlife potential is

greatly reduced. This phase may represent a persis-

tent grazing disclimax.

Pinus ponderosa/Juglans major Habitat Type
(PIPO/JUMA HT; ponderosa pine/Arizona

walnut)

Geographic location—This minor habitat type is

sporadic south of the Mogollon Rim.

Vegetation—This is a semiriparian habitat type

where Pinus ponderosa is the overstory dominant.

Juglans major is the subcanopy dominant, often in

association with Acer negundo, Quercus spp., and
Juniperus spp. Common shrubs are Vitis arizonica,

Rhamnus betulaefolia, and Rhus aromatica. The herb

layer is distinctively grassy and dominated by Poa

pratensis, Panicum bulbosum, Bromus richardsonii, and

Agropyron smithii. There can be a diverse, but vari-

able, assortment of forbs; Geranium caespitosum,

Galium asperrimum, Pteridium aquilinum, Thalictrum

fendleri, and Potentilla spp. are most common.
Physical setting—This HT occupies alluvial terraces

along perennial streams or large washes. Elevation

ranges between 5,500 and 6,400 (1,680 and 1,950 m).

Adjacent habitat types—The mild, moist mesic

PIPO/JUMA HT may adjoin a wide variety of habi-

tat types Up slope from the stream channel, includ-

ing the PIPO/BOGR HT, Pinus ponderosa I Quercus

species habitat types, or woodlands and grasslands.

Comments—This is a broadly defined habitat type

which needs refinement. It is similar to the Pinus pon-

derosa I Poa pratensis habitat type defined by DeVelice

et al. (1986) as part of a northern New Mexico/ south-

ern Colorado riparian forest group. Fitzhugh et al. (1987)
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broadly defined a Populus angustifolia series for south-

western New Mexico, which includes semiriparian

communities dominated by Pinus ponderosa. Alexander

et al. (1987) has also denned a similar Pinus ponderosa/

Riparian habitat type for central New Mexico.

Productivity can be high for Pinus ponderosa if the

soils are not saturated. Reproduction of P. ponderosa

may be dependent on flooding events creating min-

eral seedbeds on lower, newly created alluvial ter-

races. Reproduction may be limited by high compe-
tition with grasses and forbs for space and water. The
closed canopies also create a shady environment that

is not conducive for the growth of this shade-intoler-

ant species. ThisHT is prime livestock and wildlife habi-

tat because forage, cover, and water are plentiful.

Pinus ponderosa/Acer grandidentatum Habitat

Type
(PIPO/ACGR HT; ponderosa pine/bigtooth

maple)
Geographic location—This minor habitat type is

uncommon, occurring in the Galiuro Mountains. It

may possibly occur in other mountains of the Basin

Ranges Region.

Vegetation

—

Pinus ponderosa forms the climax over-

story with Acer grandidentatum in the subcanopy. The

undergrowth is characteristically shrubby and domi-

nated byAcergrandidentatum along with Symphoricarpos

oreophilus, Rhus choriophylla, Fraxinus pennsylvanica,

Quercus gambelii, Q. hypoleucoides, Q. rugosa, Juglans

major, and Ptelea trifoliata. The herb layer is distinctly

grassy and codominatedbyMuhlenbergia longiligula and

Poafendleriatia. Other grasses and forbs include Bromus

richardsonii, Koeleria pyramidata, Artemisia ludoviciana,

Brickellia grandiflora, Geranium caespitosum, Monarda

menthaefolia, Thalictrum fendleri, and Solidago sparsiflora.

Physical setting—The mild, moist mesic PIPO/
ACGR HT is found along perennial streams on steep,

lower slopes of northerly aspects. Elevation ranges

from 6,050 to 6,150 feet (1,840 to 1,880 m).

Adjacent habitat types—Other habitat types of the

Pinus ponderosa series or woodlands may adjoin the

PIPO/ACGR HT.

Comments—This is a rare habitat type in the

Southwest and is probably more common in Mexico.

Productivity for Pinus ponderosa is low. Forage and
cover are excellent for wildlife.

Pinus ponderosa/Quercus rugosa Habitat Type
(PIPO/QURU HT; ponderosa pine/netleaf oak)
Geographic location—This minor habitat type is

uncommon in the Santa Catalina, Santa Rita,

Huachuca, Pinaleno and Galiuro Mountains, and on
the southern edge of the Nantanes Plateau of the

Basin Ranges Region.

Vegetation

—

Pinus ponderosa is the climax domi-
nant with Pseudotsuga sometimes present, but not

well-represented. Pinus strobiformis is occasionally a

minor climax species. The undergrowth is shrubby

and characterized by Quercus rugosa, ranging in cover

from 5% to 80%. Quercus hypoleucoides may codom-
inate, but more than 5% cover of Q. rugosa is diag-

nostic. Quercus arizonica or Q. gambelii are absent or

scarce. Herbaceous cover is generally low (less than

1%) and dominated by graminoids with scattered

forbs; the most constant species are Muhlenbergia

virescens, Carex geophila, Geranium caespitosum,

Thalictrum fendleri, and Hedeoma hyssopifolium.

Physical setting—This mild, dry mesic habitat

type is usually found on moderately steep, mid to

upper slopes at elevations ranging from 5,200 to 8,800

feet (1,590 to 2,700 m). Soils are usually shallow and
rocky, but not lithic.

Adjacent habitat types—On warmer slopes and
lower elevations, this type grades into the PIPO/
QUHY HT. On cooler, wetter, or higher elevation

sites, the PIPO/QURU HT adjoins either the PSME/
QURU, PIPO/QUGA, or PIPO/MUVI HTs.

Comments—The PIPO/QURU HT represents the

highest elevation type of the Pinus ponderosa habitat

types that have evergreen oak undergrowth. Often there

is a distinct elevational stratification of the oaks in a

mountain range, with the deciduous Quercus gambelii

at the highest elevations. The next highest is Q. rugosa,

then Q. hypoleucoides at moderate elevations, Q. arizonica

at moderate to low elevations, and finally, Q. emoryi at

the lowest elevations. The PIPO /QURUHT is restricted

to the southern mountain ranges of the study area. To

the north, the PIPO/QUARHT replaces both the PIPO/

QURU and the PIPO/QUHY HTs.

Timber productivity is low and grazing potential

is limited because of steep slopes and rocky soils.

Clearcuts and seedtree cuts will heavily favor oak

regeneration. Shelterwood cuts will usually favor

Pinus ponderosa. Wildlife habitat is fair to poor, pro-

viding adequate cover but limited forage and water.

Pinus ponderosa/Quercus hypoleucoides

Habitat Type
(PIPO/QUHY HT; ponderosa pine/silverleaf oak)

Geographic location—This major habitat type is

found extensively in the Santa Catalina, Santa Rita,
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Galiuro, Pinaleno, Chiricahua, and Huachuca Moun-
tains, and occasionally on the southern edge of the

Nantanes Plateau of the Basin Ranges Region. It is also

known in the Pinal Mountains and is uncommon along

the eastern Mogollon Rim in the Central Highlands.

Vegetation

—

Pinus ponderosa is the climax over-

story dominant. Pinus strobiformis is occasionally a

codominant. Pseudotsuga menziesii, Pinus leiophylla,

and Pinus engelmannii are absent or accidental.

Juniperus deppeana is often present as a minor climax

species in the subcanopy. Quercus hypoleucoides is

dominant in the undergrowth, reaching coverage as

high as 60%. Quercus arizonica can be well-repre-

sented, but it is either not dominant, or is clearly suc-

cessional; Quercus rugosa can be present, but usually

is poorly represented and never dominant. Other

common shrubs are Nolina microcarpa, Arbutus
arizonica, Ceanothus fendleri, and Garrya wrightii.

Muhlenbergia longiligula is common and typically domi-

nates the otherwise sparse herb layer. Muhlenbergia

virescens maybe present but is not dominant. The most
constant forbs are Hedeoma hyssopifolium, Pseudo-

cymopterus montanus, and Comandra umbellata.

Physical setting—The mild, dry mesic PIPO/
QUHY HT occurs in the mid elevation range of the

Pinus ponderosa series within the study area. Eleva-

tions vary from 5,700 to 8,000 feet (1,740 to 2,440 m).

Slopes range from moderate to very steep, and all

aspects and landscape positions are encountered.

Soils are predominantly Udic Haplustalfs, Udic
Ustochrepts, and Lithic Ustochrepts derived from

granite, rhyolite, or their metamorphic derivatives.

Adjacent habitat types—Under cooler conditions,

Quercus rugosa or Q. gambelii dominate over Q.

hypoleucoides, with a shift to Pinus ponderosa habitat

types characterized by these more mesophytic oaks.

In contrast, drier settings to the north feature the

PIPO/QUAR or PIPO/QUEM HTs and to the south,

habitat types of the Pinus leiophylla and Pinus

engelmannii series.

Comments—Wallmo (1955) and Whittaker and
Niering (1965) have described similar communities

for the Huachuca and Santa Catalina Mountains, re-

spectively. The PIPO/QUHY HT is one of the most

widespread habitat types for the Pinus ponderosa se-

ries in the southern part of the study area. To the

north, in central Arizona, Quercus hypoleucoides is

absent and the type is ecologically replaced by the

PIPO/QUAR HT.

Timber productivity is usually low. Clearcuts and
seedtree cuts will favor oak regeneration and inhibit

Pinus ponderosa reproduction. Shelterwood cuts can

be successful if the canopy remains closed enough
to suppress oak proliferation but not the develop-

ment of Pinus ponderosa. Cover is abundant, but over-

all forage and water availability are factors that limit

wildlife habitat.

Pinus ponderosa/Quercus arizonica Habitat

Type
(PIPO/QUAR HT; ponderosa pine/Arizona white

oak)
This major habitat type is widespread in the Cen-

tral Highlands (Sierra Ancha, Mazatzal Mountains,

Bradshaw Mountains, along the base of the Mogollon

Rim, and on the Nantanes Plateau). It is uncommon
or absent in the Basin Ranges and Plateau Regions.

Pinus ponderosa and Juniperus deppeana typify the co-

niferous overstory. The shrub layer is characterized

by the dominance of the xeric oak Quercus arizonica.

Two phases are recognized: (1) the typic Quercus

arizonica phase (QUAR), and (2) the Bouteloua graci-

lis phase (BOGR).

Quercus arizonica typic phase (PIPO/QUAR,
QUAR PH; Arizona white oak)

Geographic location—This typic phase is the most

common habitat type of Pinus ponderosa series in the Cen-

tral Highlands. It is rare in the Basin Ranges Region.

Vegetation—The PIPO/QUAR HT, QUAR PH is

characterized by a moderately dense canopy of Pinus

ponderosa with Juniperus deppeana in the subcanopy.

The undergrowth is shrubby and dominated by
Quercus arizonica. Quercus hypoleucoides, Q. rugosa,

and Q. gambelii may be present, but their covers sel-

dom exceeds 1%. Quercus emoryi and Q. turbinella may
also be present as'seral species, but in climax stands

their cover is less than 5%. The herb layer is of low

cover, highly diverse (over 100 species were encoun-

tered for this phase), but variable. Muhlenbergia

longiligula is usually the common undergrowth domi-

nant in association with several other graminoid spe-

cies such as Carex geophila, Poa fendleriana, Koeleria

pyramidata, Sitanion hystrix, and occasionally Aristida

orcuttiana. Highly constant forbs species are Senecio

neomexicana, Artemisia carruthii,A. ludoviciana, Comandra

umbellata, Solidago sparsiflora, and Lotus wrightii.

Physical setting—This mild, dry mesic phase oc-

cupies the lower to mid elevation zone for the pon-

derosa pine-evergreen oak habitat types. Elevation

ranges from 5,380 to 7,750 feet (1,640 to 2,360 m).

Landscape position is highly variable and dependent
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on latitude and local geomorphology. Sites tend to-

ward mid slopes with xeric, rocky, shallow soils rep-

resented by Udic Haplustalfs, and Lithic or Udic
Ustochrepts.

Adjacent habitat types—At higher elevations of

the Central Highlands, this phase of the PIPO/QUAR
HT adjoins the PIPO/QUGA HT, QUGA PH, or the

PSME/QUAR HT; the PIPO/QUHY and PIPO/
QURU HTs are absent. At lower, warmer sites, this

phase grades to the PIPO/QUEM HT, and occasion-

ally the PIPO/ARPU HT. The exception is on lime-

stone parent materials, where the PIPO/QUEM HT
is poorly expressed. In this instance the PIPO/QUAR
HT, QUAR PH can be found at very low elevations,

bordering pinyon-juniper-oakwoodlands or chaparral.

In the Basin Ranges Region the PIPO/QUAR HT,

QUAR PH merges to the PIPO/QUHY HT at upper

elevations. At lower elevations and more xeric sites, ei-

ther the PILE /QUHY or PILE /QUAR HTs, or Pinus dis-

color-Juniperus deppeana woodland may adjoin this type.

Comments—In southwesternNew Mexico, Fitzhugh

et al. (1987) described a Pinus ponderosa/Quercus grisea

HT Muhlenbergia longiligula Phase that is very similar

to the PIPO/QUAR HT, QUAR PH. The primary dif-

ference is the presence of the closely related Quercus

grisea instead of Q. arizonica as the dominant oak.

The xeric nature of the PIPO/QUAR HT, QUAR
PH results in low site productivity for Pinus ponde-

rosa. Competition for moisture and suppression by
Quercus spp. may severely hinder pine reproduction.

Low intensity ground fires that do not destroy the

canopy play an important role in creating a seed bed
for Pinus ponderosa. High intensity fires will favor oak
scrub proliferation and hinder pine reproduction.

Clearcuts and seedtree cuts may also foster oak scrub.

Therefore, shelterwood cutting may possibly be the

best method to ensure continued timber productiv-

ity. Fuelwood productivity for Juniperus deppeana is

high. Grazing potential is low because of the

nonpalatability of coarse, xeric grasses such as

Muhlenbergia longiligula. Furthermore, this phase is

sensitive to overgrazing because recovery is slow

upon release from grazing. Wildlife habitat quality

is low to moderate; cover is adequate, but forage

potential and water availability are variable.

Bouteloua gracilis phase (PIPO/QUAR, BOGR
PH; blue grama)
Geographic location—This phase of the PIPO/

QUAR HT is known only from the eastern Nantanes
Plateau.

Vegetation—This phase resembles a savanna-like

landscape, with an open canopy of Pinus ponderosa,

a subcanopy of Juniperus deppeana, and occasionally

Pinus edulis. Quercus arizonica is the dominant shrub

and can also form part of the subcanopy. The herb

layer is characterized by a well-represented to abun-

dant cover of Bouteloua gracilis; Bouteloua curtipendula

and Sitanion hystrix may also be common. Forbs are

diverse and variable; the most constant species are

Ambrosia psilostachya, Polygonum sawatchense,

Calliandra humilis, Sphaeralcea spp. and Machaeranthera

pinnatifida.

Physical setting—This mild, dry mesic phase is

found at low elevations (5,700 to 6,100 feet; 1,740 to

1,860 m) on gentle slopes with northerly aspects. The
typical landscapes for this phase are long, low slop-

ing bajadas, which begin at the base of mountains

and terminate in open, flat and wide valley bottoms.

Adjacent habitat types—Up slope, this phase

grades to the QUAR PH of the habitat type, or to the

PIPO /QUHY HT, or occasionally to the PIPO /QUGA
HT. Down slope, adjoining HTs may either be the

PIPO/BOGR HT, the PIPO/JUMA HT, pinyon-juni-

per-oak woodlands, or Bouteloua gracilis grasslands.

Comments—In southwestern New Mexico, Fitz-

hugh et al. (1987) described a Pinus ponderosa/

Bouteloua gracilis HT Vitis arizonica PH on the basis

of one plot. Evidence from this study suggests that

this single plot could be reassigned to the PIPO/
QUAR HT, BOGR PH based on the high cover of

Quercus grisea and Bouteloua curtipendula and the

landscape position.

The PIPO/QUAR, BOGR PH has low to moderate

timber potential, depending on soil depth and rocki-

ness. Large trees are possible where alluvial depos-

its are deep and soils are well-developed. Grazing

potential is high, and the type is somewhat robust in

response to grazing pressure. Wildlife habitat is mod-
erate, with limited cover but ample forage.

Pinus ponderosa/Quercus emoryi Habitat Type
(PIPO/QUEM HT; ponderosa pine/Emory oak)

Geographic location—This major habitat type is

extensive in the Central Highlands (Sierra Ancha,

Mazatzal Mountains, along the base of the Mogollon

Rim, the Bradshaw Mountains, and on the Nantanes

Plateau). It is rare in the Basin Ranges Region.

Vegetation—This type is characterized by a mod-
erately closed canopy of Pinus ponderosa and a

subcanopy of Quercus emoryi, Q. arizonica, and

Juniperus deppeana. Quercus arizonica often dominates
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over Q. emoryi, but the presence of Q. emoryi with

greater than 5% cover is diagnostic. At lower eleva-

tions, the representation of Q. emoryi increases and

Q. gambelii is absent or scarce. Other common shrubs

are Ceanothus fendleri, Garrya wrightii and Arctosta-

phylos spp. The herb layer is diverse (over 80 species

for the HT) but sparse and variable. The most con-

stant species are Muhlenbergia longiligula, Poa

fendleriana, Carex geophila, Solidago sparsiflora, Senecio

neomexicanus, Artemisia ludoviciana, and Lotus wrightii.

Physical setting—This warm, very dry mesic habi-

tat type is located at the lower elevational limit of

the Pinus ponderosa series, ranging from 5,300 to 6,900

feet (1,620 to 2,100 m). It is most commonly found on

mid to lower slopes, and on dry, upper alluvial

benches. Soils are shallow, skeletal, and derived from

a wide variety of parent materials (except limestone).

Adjacent habitat types—With increasing elevation

and coolness, or with a shift to limestone from other

parent materials, the type is replaced by the PIPO/
QUAR HT. On more xeric sites with higher fire fre-

quency and very lithic soils, this type may adjoin the

PIPO/ARPU HT. At lower elevations, the PIPO/
QUEM HT grades to Quercus emoryi-Q. arizonica

woodlands or to chaparral dominated by Arctosta-

phylos spp. and Cercocarpus spp.

Comments—The PIPO/QUEM HT is closely re-

lated to the PIPO/QUAR HT. It is differentiated pri-

marily on the basis of higher cover of Quercus emoryi

(Q. emoryi is often absent in the PIPO/QUAR HT) and

the lower elevation, more xeric nature of this type.

Site quality is low, except where the type is found

on upper alluvial benches. Here the soils are deeper

and better watered. This, combined with a warmer
temperature regime, can lead to moderate produc-

tivity for Pinus ponderosa. Clearcuts and seedtree cuts

may favor oak chaparral at the expense of pine repro-

duction. Shelterwood cuts may favor Pinus ponderosa

regeneration. Fuelwood potential is good. Grazing po-

tential is low. Wildlife habitat is poor to moderate, with

adequate cover but low forage potential.

Pinus ponderosa IArctostaphylos pungens
Habitat Type
(PIPO/ARPU HT; ponderosa pine/pointleaf

manzanita)
Geographic location—This minor habitat type is

scattered throughout the study area; but it is particu-

larly common in the Central Highlands along the

Mogollon Rim, on the Nantanes Plateau, and in the

Mazatzal Mountains.

Vegetation—The overstory of this type is charac-

terized by open stands of Pinus ponderosa with an

understory of Juniperus deppeana, Pinus edulis, and

vigorous P. ponderosa regeneration. The presence of

Arctostaphylos pungens and/ or A. pringlei in the shrub

strata with greater than 5% cover is diagnostic (fig.

10) . These species form a montane chaparral under-

growth along with other species, such as Ceanothus

fendleri, Rhamnus crocea, Cercocarpus montanus, and

Garrya wrightii. Quercus arizonica and Q. emoryi are

usually present and often well-represented. The her-

baceous layer, in contrast, is poorly represented with

scattered forbs and grasses. The most constant spe-

cies are Solidago sparsiflora, Senecio neomexicanus, Lo-

Figure 10.

—

Pinus ponderosa/Arctostaphylos pungens HT on the

Nantanes Plateau at 6,650 feet (2,020 m). The canopy is very

open and fire-induced shrubs dominate the understory.
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tus wrightii, Artemisia carruthii, Bahia dissecta, Gilia

aggregata, Hieracium fendleri, Koeleria pyramidata, and
Poa fendleriana.

Physical setting—The warm, xeric PIPO/ARPU
HT is usually found at low to moderate elevations

(5,000 to 7,100 feet or 1,520 to 2,160 m). Aspects range

from northerly at lower elevations to southerly at the

upper elevational limit. The most common landscape

positions are moderately steep upper slopes and pla-

teau tops. Soils tend to be lithic and derived from

sandstone, granite, or other coarse parent materials.

Adjacent habitat types—On warmer and drier

sites, the PIPO/ARPU HT grades to montane chap-

arral or oak woodlands. On cooler sites, this HT ad-

joins PIPO/QUAR, PIPO/QUEM, or PIPO/QUHY
HTs, or more rarely the PIPO/QUGA HT.

Comments—In the absence of fire, vegetation com-

position of the PIPO/ARPU HT may undergo suc-

cession to various Pinus ponderosa/ Quercus spp. habi-

tat types, depending on local landscape conditions.

Where the soils are deep enough, the direction is usu-

ally toward the PIPO/QUEM HT. Arctostaphylos spp.

are long-lived shrubs that typically require fire to re-

generate. If fire frequency remains high, Arctosta-

phylos spp. will be maintained on the site indefinitely,

and pine regeneration will be minimal. Fire suppres-

sion promotes canopy closure by Pinus ponderosa,

resulting in the decline of Arctostaphylos spp. and an

increase in the cover of Quercus spp.

Fitzhugh et al. (1987) and Hanks et al. (1983) have

loosely described a Pinus ponderosa /Arctostaphylos

pungens community type from the Mogollon Plateau

with a strong Quercus gambelii component. The PIPO/
ARPU HT described here may represent a different

phase of their community type where evergreen oaks

are diagnostic. One of the plots assigned to this type

by Fitzhugh et al. (1987) should be re-assigned to the

PIPO/QURU HT described above.

Timber productivity in this type is very low be-

cause of lithic, undeveloped soils. Clearcuts and
seedtree cuts will favor Arctostaphylos spp., particu-

larly in conjunction with fire. Even the use of

shelterwood cuts may only provide marginal con-

trol of shrubs. Grazing potential is also low, but wild-

life habitat is adequate, with forage and cover pro-

vided by shrubs.

Pinus engelmannii Series

This series is known only from southeastern Ari-

zona and southwestern New Mexico. However, it is

a common, often dominant series in northern Mexico.

It occupies the elevation zone between the Pinus pon-

derosa and P. leiophylla series, but is sporadic in oc-

currence. Pinus ponderosa can be a climax codominant;

P. leiophylla is absent or a minor serai species. Other

common associates of the series are Juniperus

deppeana, Pinus discolor, and Arbutus arizonica. Under-

growth tends to be shrubby and dominated by ever-

green oaks (Quercus emoryi, Q. hypoleucoides, Q.

arizonica, and Q. rugosa). No habitat types have been

previously described for the Pinus engelmannii series.

Layser and Schubert (1979) included P. engelmannii

within the Pinus leiophylla series, but the distinctive

composition and environmental setting warrant se-

ries-level designation.

Pinus engelmannii/Quercus rugosa Habitat

Type
(PINEN/QURU HT; Apache pine/netleaf oak)
Geographic location—This habitat type is rare and

is presently known only in the Santa Rita Mountains

of the Basin Ranges.

Vegetation—This HT supports an open canopy of

Pinus engelmannii with an undergrowth dominated

by abundant Quercus rugosa shrubs. Quercus arizonica

and Q. hypoleucoides are common, but not dominant.

Muhlenbergia longiligula is well-represented in the

herb layer, but there are few other grasses or forbs.

Physical setting—This cool, dry mesic habitat type

is located on steep, southerly slopes at approximately

7,880 feet (2,400 m). In this habitat type, the upper

elevation limit of Pinus engelmannii at this latitude is

reached.

Adjacent habitat types—At higher elevations, the

PIEN/QURU adjoins PIPO/QURU or PIPO/QUGA
HTs. At lower elevations, adjacent habitat types are

PINEN/QUHY or PILE/QUHY HTs.

Comments—The PINEN/QURUHT is more com-

mon in northern Mexico and is found only peripher-

ally in the United States. The above description is

preliminary and more study is needed.

Pinus engelmannii/Quercus hypoleucoides
Habitat Type
(PINEN/QUHY HT; Apache pine/silverleaf oak)

Geographic location—This is the most common
habitat type of the series, and is found in the Santa

Rita and Chiricahua Mountains of the Basin Ranges.

Vegetation—This HT is characterized by open

stands with Pinus engelmannii as the climax domi-

nant. Pinus leiophylla is a minor serai species that of-
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ten appears as a codominant in the stand. Quercus

hypoleucoides dominates the subcanopy and shrub
layer; Q. arizonica is common, but never dominant.
Other shrubs may include Arbutus arizonica and
Garrya wrightii. Muhlenbergia longiligula is well-rep-

resented and dominates the herb layer, which is oth-

erwise diverse, variable, and sparse.

Physical setting—The warm, dry mesic PINEN/
QUHY HT is found on moderate to steep slopes of

northerly aspects or on benches. Elevations range
from 5,800 to 7,100 feet (1,700 to 2,200 m). Soils are

predominantly skeletal Ustochrepts.

Adjacent habitat types—ThisHT grades to the PILE/

QUHY HT or to oak woodlands on drier sites. On cooler

sites, this type may grade to the PIPO/QUHY HT.

Comments

—

Pinus engelmannii is at the northern

limit of its range in southern Arizona. As a conse-

quence, its overall productivity and stature are lower

than that found at the center of its range in Mexico.

Relative to other habitat types of this series, site pro-

ductivity is the highest in the PINEN/QUHY HT,
with its cooler, more mesic conditions. Grazing poten-

tial is low; wildlife forage is limited, but cover is good.

Pinus engelmannii/Muhlenbergia longiligula

Habitat Type
(PINEN/MULO HT; Apache pine/longtongue
muhly)
Geographic location—This broadly defined habitat

type is known from the Canelo Hills plus the Santa Rita

and the Chiricahua Mountains of the Basin Ranges.

Vegetation—This HT is characterized by an open
canopy of Pinus engelmannii with P. discolor, P. edulis

or Juniperus deppeana in the understory. Quercus

emoryi, Q. arizonica, or Quercus gambelii may be com-
mon to well-represented as shrubs. The herb layer is

characteristically grassy, with Muhlenbergia longiligula

well-represented and dominant (fig. 11). Muhlenbergia

emersleyi and Panicum bulbosum may also be well-rep-

resented, but the remainder of the herbs present are

sparse and scattered.

Physical setting—The warm, xeric PINEN/MULO
HT is found on northeasterly slopes or dry benches.

Elevations range from 5,560 to 6,900 feet (1,690 to

2,100 m).

Adjacent habitat types—Drier sites feature either

the PILE/QUAR HT or pinyon-juniper-oak wood-
lands. On more mesic sites this HT adjoins the PILE/
PIFI HT and, in some cases, the PILE/QUHY HT.

Comments—Three tentative phases are outlined:

(1) the upper-elevation typical Muhlenbergia longi-

Flgure 1 1 .

—

Pinus engelmannii/Muhlenbergia longiligula HT In

the Chiricahua Mountains at 6,900 feet (2,100 m). Grasses

dominate beneath an open canopy.

ligula phase (MULO PH) where M. Longiligula and
Panicum bulbosum are well-represented and Quercus

gambelii is common; (2) an intermediate-elevation

Quercus arizonica phase (QUAR PH), with Pipto-

chaetiumfimbriatum common; and (3) a low-elevation,

Quercus emoryi phase (QUEM PH), where Muhlen-

bergia longiligula and M. emersleyi codominate in the

herb layer. Further research is needed to confirm

these phases.

Pinus leiophylla Series

The Pinus leiophylla series is the most xeric of the

conifer series discussed here. It is common in the
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Basin Ranges Region, and it is sporadic and uncom-
mon along the Mogollon Rim of the Central High-

lands. Pinus leiophylla is a relatively short-lived tree

of reduced stature relative to Pinus ponderosa. Stands

are typically very open with an undergrowth of ev-

ergreen Quercus spp. and/ or Arctostaphylos spp. Pinus

ponderosa is commonly a climax codominant, but

Pinus engelmannii is absent. This series was described

by Layser and Schubert (1979), but no habitat types

have been previously described.

Pinus leiophylla/Quercus hypoleucoides
Habitat Type
(PILE/QUHY HT; Chihuahua pine/silverleaf oak)
Geographic location—This major habitat type oc-

curs sporadically in the Canelo Hills; in the Santa

Catalina, Santa Rita, Patagonia, Chiricahua, Pelon-

cillo and Huachuca Mountains of the Basin Ranges; and

below the Mogollon Rim of the Central Highlands.

Vegetation—The PILE /QUHYHT is characterized

by an open canopy of Pinus leiophylla. The subcanopy

is composed of P. discolor, and Juniperus deppeana plus

the evergreen oaks, Quercus hypoleucoides and Q.

arizonica. The dominance of Q. hypoleucoides over Q.

arizonica is diagnostic. In some cases, Quercus arizonica

will be absent; Quercus emoryi is also absent or rare.

Along with evergreen oaks, the shrub layer may con-

tain a variety of xeric species such as Arbutus arizonica,

Nolina microcarpa, Agave parryi, Garrya wrightii, Yucca

schottii, Rhus aromatica, and Arctostaphylos spp. The

Arctostaphylos spp. cover is generally less than 5%.

The herb layer is characterized by xeric grasses such

as Muhlenbergia longiligula, M. emersleyi or Aristida

orcuttiana; Piptochaetium fimbriatum is absent or acci-

dental. Forbs are diverse, variable, and sparse; the

most constant are Hedeoma hyssopifolium, Desmodium
rosei, Cheilanthes fendleri, Gnaphalium spp., and Sene-

cio neomexicanus.

Physical setting—In this warm, dry mesic to xeric

habitat type, elevations range from 5,700 to 7,100 feet

(1,740 to 2,170 m) and slopes are gentle to steep. Expo-

sures range from southerly at high elevations to north-

erly atlow elevations. Soils are generally Udic Ustochrepts.

Adjacent habitat types—Under more mesic con-

ditions, this HT adjoins the PIPO/QUHY HT or oc-

casionally, the PINEN/QUHY HT, and rarely the

PSME/QUHY HT. Xeric sites may feature either the

PILE/QUAR, PILE/ARPU or PINEN/MULO HTs,

or pinyon-juniper-oak woodlands and chaparral.

Comments—This type, in relation to other habitat

types of this series, is cooler and more mesic, occu-

pying relatively higher elevations. Fire plays a very

important role in maintaining the openness of the

stand and shrub dominance in the undergrowth. Site

productivity for Pinus leiophylla is low. Although P.

leiophylla sprouts from the rootcrown, this appears

to have a negligible effect on reproduction and main-

tenance of the species. Graminoid biomass is rela-

tively low and the general lack of quality species

makes this type poor for livestock use. Wildlife habi-

tat is poor to moderate—sometimes with adequate for-

age and ample cover but limited water availability.

Pinus leiophylla/Quercus arizonica Habitat

Type
(PILE/QUAR HT; Chihuahua pine/Arizona white

oak)
Geographic location—This is a major habitat type

of the series. It is found in the Peloncillo, Chiricahua,

and Pinaleno Mountains of the Basin Ranges, and
along the base of the Mogollon Rim of the Central

Highlands.

Vegetation

—

Pinus leiophylla forms an open canopy

with P. discolor and Juniperus deppeana in the

subcanopy. P. ponderosa sometimes is present as a cli-

max codominant. The undergrowth is distinctively

shrubby and dominated by Quercus arizonica; Q.

hypoleucoides is often abundant but subordinate to Q.

arizonica. Quercus emoryi may also be present, but is

usually poorly represented. Along with the evergreen

oaks are other xeric shrubs such as Garrya ivrightii,

Yucca schottii, Arctostaphylos pungens, Rhus aromatica,

and Nolina microcarpa. Xeric grasses are characteris-

tic and include Schizachyrium cirratum, Aristida

orcuttiana, and Muhlenbergia longiligula. Piptochaetium

fimbriatum may be present but poorly represented

and not dominant. Forbs are diverse, variable, and

scarce in cover; the most constant forbs are Senecio

neomexicanus, Gnaphalium spp., Solidago sparsiflora,

Bahia dissecta, and Cheilanthes fendleri.

Physical setting—This warm, xeric habitat type

occurs at elevations from 5,250 to 7,100 feet (1,600 to

2,100 m). Slopes vary from steep to very steep, and are

of northerly aspect. Soils tend to be rocky and lithic.

Adjacent habitat types—This HT lies approxi-

mately at elevations between the PILE/QUHY and

PILE/QUEM HTs. The PILE/QUAR HT adjoins ei-

ther the PILE /QUHY, PIPO /QUEM, or PIPO /QUAR
HTs in mesic settings. Under drier conditions or

higher fire frequency, the PILE/QUEM or PILE/

ARPU HTs may adjoin this HT, or it may grade di-

rectly to pinyon-juniper-oak woodlands.
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Comments—This is a peripheral habitat type in the

United States and is more common in northern Mexico.

As with all habitat types of this series, timber pro-

ductivity for Pinus leiophylla and P. ponderosa is low.

Grazing potential is also low, with the most common
grass species having low palatability. Wildlife habi-

tat is marginal, with adequate cover and forage, but

limited water provided.

Pinus leiophylla/Quercus emoryi Habitat Type
(PILE/QUEM HT; Chihuahua pine/Emory oak)
Geographic location—This habitat type is occa-

sional on the Naegelin Plateau of the Central High-
lands; and in the Canelo Hills, and Patagonia, Pin-

aleno, Galiuro, Huachuca and Peloncillo Mountains
of the Basin Ranges Region.

Vegetation—This HT is characterized by an over-

story of Pinus leiophylla and a subcanopy of Pinus dis-

color and Juniperus deppeana. Pinus ponderosa is occa-

sionally a climax codominant. A diagnostic feature

is well-represented to abundant cover of Quercus

emoryi, which occurs as a small tree or shrub. Quercus

arizonica is also well-represented and often codominates,

but Quercus hypoleucoides is poorly represented. Other

shrubs include Arctostaphylos pungens, Arctostaphylos

pringlei, Nolina microcarpa, Garrya wrightii, and Rhus

aromatica. This type has a distinctively grassy under-

growth dominatedby xeric species such as Muhlenbergia

longiligula, Muhlenbergia emersleyi, Aristida orcuttiana, and

Schizachyrium cirratum. Forbs are diverse, variable and
scattered; the most constant species are Senecio

neomexicanus, Verbena bipinnatifida, Lathyrus grami-

nifolius, Gnaphalium spp., and Cheilanthes fendleri.

Physical setting—The warm, xeric PILE /QUEMHT
reaches the lowest elevations of any habitat type of the

series, ranging from 4,960 to 6,450 feet (1,510 to 1,950 m). It

is generallyfound on moderate slopes ofnortherly aspect.

In the southern portion of the study area, the PILE/

QUEM occurs on rhyolite and granite; to the north it

occurs on sandstone. Soils tend to be shallow and rocky.

Adjacent habitat types—At higher elevations

and /or more mesic conditions, this habitat type

grades to other types of the Pinus leiophylla, P.

engelmannii, and P. ponderosa series. On warmer, drier

sites, the transition is to the PILE/ARPU HT, pin-

yon-juniper-oak woodlands, or chaparral.

Comments—The PILE/QUEM HT is a very xeric

habitat type, and site productivity is very low for

Pinus leiophylla and P. ponderosa. Grazing potential is

low because most of the grarninoids have low palat-

ability and are sparse. Wildlife habitat value is low to

moderate, with adequate cover but low forage value.

The wildlife habitat potential may be enhanced because

this HT occupies lower slope positions near stream

channels where water may be intermittently available.

Pinus leiophylla IPiptochaetium fimbriatum

Habitat Type
(PILE/PIFI HT; Chihuahua pine/pinyon ricegrass)

Geographic location—This major habitat type is

restricted to the Basin Ranges Region and is found

in the Canelo Hills, and in the Patagonia, Peloncillo

and Chiricahua Mountains.

Vegetation—The PILE/PIFI HT is characterized by
an overstory of Pinus leiophylla and by a subcanopy

of Juniperus deppeana, J. monosperma, Quercus emoryi,

Q. arizonica, Quercus hypoleucoides, and occasionally

Cupressus arizonica. Semiriparian, broadleaf trees are

sometimes present, including Juglans major, Fraxinus

pennsylvanica ssp. velutina, Platanus wrightii, and
Prunus serotina. The herb layer is diverse and high in

cover; Piptochaetium fimbriatum is diagnostic, and it

is well-represented and dominant. Other high con-

stancy species include Muhlenbergia longiligula, Pani-

cum bulbosum, Desmodium spp., Galium microphyllum,

Monarda pectinata, Senecio neomexicanus, Brickellia

lemmonii, and Phaseolus wrightii.

Physical setting—This warm mesic habitat type

is restricted to flat or gently sloping streamsides and
benches at elevations ranging from 5,000 to 6,000 feet

(1,520 to 1,830 m). Soils are generally fluventic and
derived from alluvial sediments.

Adjacent habitattypes—The PILE/QUEM, PINEN/
MULO, or PILE/QUAR HTs, or pinyon-juniper-oak

woodlands adjoin this HT on more xeric sites. The

PILE/QUHY or PIPO/QUHY HTs are often found di-

rectly upslope.

Comments—This is a semiriparian habitat type

subject to occasional flooding. In fact, flooding may
be required for Pinus leiophylla reproduction. Wild-

life and livestock use is high because of the diverse

vegetation strata, a generally close proximity to wa-

ter, and abundant forage. This is key habitat in the

Chiricahua Mountains for many Mexican bird spe-

cies at the northern limits of their ranges.

Pinus leiophylla IArctostaphylos pungens
Habitat Type
(PILE/ARPU HT; Chihuahua pine/pointleaf

manzanita)

Geographic location—This minor habitat type oc-

curs in the Chiricahua, Galiuro, and Santa Catalina
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Mountains of the Basin Ranges, and along the slopes

of the Mogollon Rim of the Central Highlands.

Vegetation—The PILE /ARPU HT is characterized

by a very open stand of Pinus leiophylla, with an un-

dergrowth dominated by Arctostaphylos pungens and/

or Arctostaphylos pringlei. Pinus ponderosa can be a cli-

max codominant. Quercus spp. range from scarce to

well-represented, particularly in the shrub layer; but

they are not dominant over Arctostaphylos spp. The
herb layer is characterized by the presence of sev-

eral xeric graminoid species, including Muhlenbergia

longiligula, M. emersleyi, M. montana, Aristida

orcuttiana, Blepharoneuron tricholepis, Schizachyrium

cirmtum, and Schizachyrium scoparium. Common forbs

are Hedeoma hyssopifolium, Calliandra reticulata, Sol-

idago sparsiflora, and Senecio neomexicanus.

Physical setting—The PILE/ARPU HT is the

warmest and most xeric of the habitat types in this

study. It is found at low elevations, on plateaus and
gentle sideslopes of southerly aspect. Elevations

range from 5,100 to 6,900 feet (1,560 to 2,100 m). Soils

are extremely lithic and rocky, with the regolith of-

ten at less than 4 inches (10 cm) depth. Exposed soil,

rock fragments, and cobble may account for 30% to

40% of the surface area.

Adjacent habitat types—In areas that are more
mesic, and with a lower fire frequency, other habitat

types of the Pinus leiophylla and P. ponderosa series

can be found. On more xeric sites, Arctostaphylos-

dominated chaparral, or pinyon-juniper-oak wood-
lands may be encountered.

Comments—A high fire frequency and shallow

soils in this HT favor and maintain Arctostaphylos spp.

over Quercus spp. The lack of moisture also favors

Pinus leiophylla over P. ponderosa. Site quality for P.

ponderosa is extremely low, with most mature trees

under 40 feet (12 m) in height. Although forage may
be adequate, low water availability limits the poten-

tial for livestock and wildlife.

DISCUSSION

Regional Floristic and
Environmental Relationships

The environmental relationships among the ma-
jor habitat types within each physiographic region

are schematically summarized in figures 12, 13, and
14. The schematics have been derived from direct

gradient analysis and indirect ordinations. The rela-

tionships shown are simplified representations and
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Figure 12.—Schematic representation of environmental

relationships among the major habitat types

of the Basin Ranges.

should only be considered as guidelines, pending

more detailed studies.

The Basin Ranges Region of southeast Arizona is

by far the most complex (fig. 12). Habitat types with

strong Sierra Madrean floristic influences and that

are characterized by evergreen oaks in the under-

growth are predominate at lower elevations. The cli-

mate of southeastern Arizona, with its relatively high

summer rainfall and warm temperatures, is similar

to the climate of the Sierra Madre Occidental in north-

ern Mexico. Thus, the evergreen oak-dominated habi-

tat types are essentially northern extensions of com-

munities commonly found to the south in Mexico.

There is an elevation zonation of the evergreen oaks,

with Quercus emon/z-dominated communities found

at the lowest elevations, followed by Quercus arizonica

at mid elevations, then Quercus hypoleucoides and fi-

nally Quercus rugosa at the highest elevations. Above
these oaks, at mesic and /or cool elevations, habitat
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Figure 13.—Schematic representation of environmental

relationships among the major habitat types

of the Central Highlands.

Figure 14.—Schematic representation of environmental

relationships among the major habitat types

of the Plateau Region.

types dominated by Muhlenbergia virescens and the

deciduous Quercus gambelii prevail. At the region's

highest elevations, habitat types with Rocky Moun-
tain floristic affinities, such as the PIEN/ACGL HT
or the ABLA/VAMY HT, dominate. These habitat

types tend to be somewhat floristically depauperate

and are outliers of communities that are more com-
mon in the southern Rocky Mountains.

In the Central Highlands, environmental relation-

ships are less complex than in the Basin Ranges Re-

gion (fig. 13). The habitat types of the Basin Ranges

dominated by Quercus rugosa and Quercus hypo-

leucoides are not present. This is probably a function

of decreasing summer rainfall and prevailing cooler

temperatures, resulting in the elimination of higher

elevation habitats which are moist yet warm enough
to support these oaks. At lower elevations, much of

the winter moisture is lost prior to the summer grow-
ing season; the subsequent low summer moisture,

coupled with warm temperatures may favor Quercus

emoryi and Quercus anzom'ca-dominated communi-
ties. At higher elevations, adequate moisture and cold

temperatures favorABCO/QUGA and ABCO/BERE
HTs. But elevations high enough to support forests

in the Abies lasiocarpa and Picea engelmannii series are

never attained in the Central Highlands.

In the Plateau Region, the cooler temperatures al-

most entirely eliminate Sierra Madrean evergreen oak

types (fig. 14). At the lowest elevations, the PIPO/
BOGR and PIPO/QUGAHTs predominate. These are

common communities further to the north and east.

At mid elevation, mesic sites, mixed-conifer habitat

types with shrubby undergrowths dominated by
Quercus gambelii are found (PSME/QUGA and
ABCO/QUGA). On drier sites, the grass-dominated

communities prevail, such as the PIPO/MUVI,
PIPO /FEAR, and PSME/MUVI HTs. The highest el-

evations support spruce-fir forests of the Abies
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lasiocarpa and Picea engelmannii series. These habitat

types are strongly related or identical to many com-
munities of the central or southern Rocky Mountains.

Succession

Successional trends vary widely among habitat

types (Appendix C). Succession to Abies lasiocarpa or

Picea engelmannii is direct in the highest (coldest) el-

evations. At lower, warmer elevations in the Abies

lasiocarpa and Picea engelmannii series, serai stages

leading to the climax tree species may be composed
of one or more of the following major serai trees:

Populus tremuloides, Abies concolor, and Pseudotsuga

menziesii. Occasionally, Pseudotsuga menziesii is con-

sidered a co-climax species at lower elevations of the

Picea engelmannii series.

Succession in the mid elevation, mixed-conifer for-

ests

—

Picea pungens, Pseudotsuga menziesii, and Abies

concolor series—includes the following major serai

trees: Populus tremuloides, Pinus strobiformis, Pinus

ponderosa, Quercus gambelii, Q. rugosa, and Q.

hypoleucoides. Pinus strobiformis is occasionally con-

sidered a coclimax species at lower elevations of the

mixed-conifer zone.

At the upper elevations of the Pinus ponderosa se-

ries, the principal serai trees are Quercus gambelii, Q.

rugosa, Q. hypoleucoides, Q. emoryi, and Q. arizonica.

Pinus edulis, P. discolor, and Juniperus deppeana may
also be successional, depending on the habitat type.

At lower elevations of the Pinus ponderosa series, and
in the Pinus engelmannii and P. leiophylla series, the

Quercus species, Pinus edulis, P. discolor, and Juniperus

deppeana are considered coclimax associates of the

various habitat types. Moister habitat types in the

Pinus ponderosa and Pinus engelmannii series may be

regarded as fire climaxes, because, in the absence of

fire, the more shade-tolerant, but less fire-resistant,

Abies concolor and Pseudotsuga menziesii may eventu-

ally dominate.

SUMMARY

A comprehensive classification of all forests of

southern Arizona and portions of the Colorado Pla-

teau has been developed on the basis of 312 plots

located in the Tonto, Prescott and Coronado National

Forests; and in the Fort Apache, San Carlos and
Hualapai Indian Reservations.

Forty-nine types have been identified and de-

scribed among the Abies lasiocarpa, Picea engelmannii,

Picea pungens, Abies concolor, Pseudotsuga menziesii,

Pinus ponderosa, Pinus engelmannii, and Pinus leiophylla

series. Each habitat type is identified by its charac-

teristic plant association. Use of climax plant asso-

ciations does not imply that we have an abundance
of climax vegetation in the present landscape in the

western United States (Pfister et al. 1977, Steele et al.

1981). The status of most current vegetation reflects

some form of disturbance resulting in various stages

of succession towards climax. Indeed, in areas where
timber harvesting and overgrazing have been per-

vasive, the climax vegetation structure is essentially

absent, and habitat type identification requires not-

ing relative reproductive success of species present,

comparison of known successional trends (Pfister et

al. 1977), and extrapolation from adjacent undis-

turbed stands (Arno 1982).

Environmental and floristic analyses suggest that

the habitat types of low elevations in the southeast-

ern Basin Ranges Region of Arizona have strong flo-

ristic affinities with the Sierra Madre of northern

Mexico. These types tend to be dominated by ever-

green oak species which favor warm climates with

predominantly summer moisture. In contrast, at

higher elevations of the Basin Ranges, habitat types

tend to be depauperate in species and more floristi-

cally related to the Rocky Mountains. In the Central

Highlands Region, the influence of the Sierra

Madrean flora diminishes as summer rains and tem-

peratures decline at altitudes equivalent to those in

the Basin Ranges. The Plateau Region is dominated

by habitat types requiring cool to cold temperatures

and relatively high moisture distributed uniformly

throughout the seasons. The majority of these habi-

tat types are commonly found to the north and east

of the study area in the southern Rocky Mountains.

Since natural vegetation integrates all impinging

environmental factors, a given habitat type encom-

passes a relatively narrow range of environmental

variation (Daubenmire 1976). Thus, the classification

presented here provides a means of delimiting land

units of relatively uniform biotic potential and man-

agement opportunities. Additionally, the classification

is useful in improving sampling design and experimen-

tal layout, and provides a common system for improv-

ing communication among diverse investigators.
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APPENDIX A

List of all vascular plant species identified in plots from habitat types of southern Arizona and portions of the Colorado Plateau.

Scientific Name Common Name HT Acronym

Abies concolor white fir ABCO
Abies lasiocarpa subalpine fir ABLA
Abronia spp. sand verbena ABRONI
Acer glabrum Rocky Mountain maple ACGL
Acer grandidentatum biqtooth maple ACGR
Acer negundo California boxelder ACNE
Achillea millefolium common yarrow ACMI
Actaea rubra red baneberry ACRU
Agastache pallidiflora Bill Williams' Mountain giant AGPA
Agastache spp. giant hyssop AGASTA
Agave chrysantha goldenflower century plant AGCR
Agave palmeri Palmer's century plant AGPAL
Agave parryi Parry's agave AGAPA
Agave parryi Parry's agave AG PAR
Agave spp. agave AGAVE
Agoseris spp. agoseris AGOSER
Agropyron arizonicum Arizona wheatgrass AGAR
Agropyron desertorum desert wheatgrass AGDE
Agropyron spp. wheatgrass AGROPY
Agropyron subsecundum wheatgrass AGSU
Agrostis idahoensis Idaho bentgrass AGID
Agrostis stolonifera creeping bentgrass AGST
Allium cernuum nodding onion ALCE
Allium kunthii Kunth's onion ALKU
Allium spp. onion ALLIUM

Alnus oblongifolia Arizona alder ALOB
Amaranthus spp. pigweed AMARAN
Ambrosia psilostachya Cuman ragweed AMPS
Amelanchier mormonica Utah service berry AMUT
Amelanchier oreophila Utah service berry AMOR
Amelanchier utahensis Utah service berry AMUT
Amorpha fruticosa desert indigobush AMFR
Andropogon spp. big bluestem ANDROP
Androsace septentrionalis pygmy flower rock jasmine ANSE
Antennaria arida rosy pussytoes ANAR
Antennaria neglecta pussytoes ANNE
Antennaria parvifolia smallleaf pussytoes ANPA
Antennaria rosulata rosy pussytoes ANRO
Antennaria spp. pussytoes ANTENN
Anthericum torreyi Torrey's craglily ANTO
Apocynum androsaemifolium spreading dogbane APAN
Aquilegia chrysantha golden columbine AQCH
Aquilegia elegantula western red columbine AQEL
Aquilegia spp. columbine AQUILE

Arabis spp. rockcress ARABIS

Arabis tricornuta Rincon Mountain rockcress ARTRI

Arbutus arizonica Arizona madrone ARBAR
Arctostaphylos pringlei greenleaf manzanita ARPR

Arctostaphylos pungens greenleaf manzanita ARPU

Arenaria eastwoodiae Eastwood's sandwort AREA
Arenaria lanuginosa spreading sandwort ARLAN
Arenaria spp. sandwort ARENAR
Aristida fendleriana Fendler threeawn ARFE

Aristida orcuttiana single threeawn AROR
Aristida spp. threeawn ARISTI

Artemisia carruthll field sagewort ARCA
Artemisia dracunculoides wormwood ARDR
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APPENDIX A (continued)

Scientific Name Common Name HT Acronym

Artemisia franserioides fringed sagewort ARFR

Artemisia ludoviciana white sagebrush ARLU

Artemisia spp. bud sagebrush ARTEMI

Artemisia tridentata big sagebrush ARTR

Asclepias spp. showy milkweed ASCLEP
Asclepias tuberosa butterfly milkweed ASTU

Aster bigelovii Bigelow's tansyaster ASBI

Aster commutatus Aster exscapus Richards ASCO
Aster exilis annual saltmarsh aster ASEX

Aster spp. aster ASTER

Astragalus cobrensis Maguire's milkvetch ASCO
Astragalus hallii groundcover milkvetch ASHA
Astragalus recurvus recurved milkvetch ASRE

Astragalus tephrodes creeping milkvetch ASTE

Astragulus humistratus groundcover milkvetch ASHU
Astragulus spp. milkvetch ASTRAG
Baccharis thesioides Arizona baccharis BATH

Bahia dissecta ragleaf bahia BADI

Besseya plantaginea White River coraldrops BEPL

Bidens heterosperma Rocky Mountain beggarticks BIHE

Bidens lemmonii Lemmon's beggarticks BILE

Bidens spp. beggarticks BIDENS

Blepharoneuron tricholepis pine dropseed BLTR

Boerhaavia spp. spiderling BOERHA
Bouteloua barbata sixweeks grama BOBA
Bouteloua curtipendula sideoats grama BOCU
Bouteloua gracilis blue grama BOGR
Bouteloua hirsuta hairy grama BOHI

Bouvardia glaberrima firecrackerbush BOGL
Brickellia betonicifolia plumed brickellbush BRBE

Brickellia brachyphylla plumed brickellbush BRBR

Brickellia californica California brickellbush BRICA

Brickellia fendleri Fendler's brickellbush BRFE

Brickellia grandiflora tasselflower brickellbush BRGR

Brickellia lemmonii longleaf brickellbush BRLE

Brickellia spp. Sonoran brickellbush BRICKE

Bromus porteri nodding brome BRPO

Bromus richardsonii fringed brome BRRI

Bromus spp. brome BROMUS
Bromus tectorum cheatgrass BRTE

Cacalia decomposita cacalia CACDE
Calliandra humilis dwarf stickpea CAHU
Calliandra reticulata dwarf stickpea CARE

Calliandra schottii Schott's stickpea CALSC

Campanula rotundifolia bluebell bellflower CAROT
Carex bella showy sedge CABE

Carex brevipes Ross' sedge CABR
Carex foenea dryspike sedge CAFO
Carex geophila White Mountain sedge CAGE
Carex hoodii Hood's sedge CAHO
Carex leucodonta Huachuca Mountain sedge CALE

Carex rossii Ross' sedge CARO
Carex spp. sedge CAREX

Carphochaete bigelovii Bigelow's bristlehead CABI

Cnstillpin nt Ktromnntnnn—• —' o 1 1 1 1 s .

j —i \j uo n w i i iu i i i —J i i v—

'

northwestern Indian paintbrush CAAU
Castilleja confusa scarlet Indian paintbrush CACON
Castilleja integra wholeleaf Indian paintbrush CAINT

Castilleja linariifolia marshmeadow Indian paintbrush CALI2

Castilleja spp. sulphur Indian paintbrush CASTIL

Ceanothus fendleri Fendler's ceanothus CEFE

Ceanothus greggii desert ceanothus CEGR

47



APPENDIX A (continued)

Scientific Nome womrnon iname HT Acronym

CGrostium nutons n /~\ \ n /"i /"* h i /> 1/ \ a / ^nucjuiny ui iicKwtrt?u AC M 1 1

lusTiurTi spp, A CD ACT

Cercocorpus montonus iiTiieieuT mounTuin manoyany
Chomossorocho coronopus y i liycj i nvfc? t?yt?s AUAA
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AHCC^ nrt;

ChGnopodium frsmontii C r csry\/~\ n^ ' c ^AfofA /*^ +rrGrnuriT s yuosGioui

L-nGnopouium incisum it?iiu yuubuiuui A Ul 1

M

i^nenopoaium spp. AAAI^AfAAtyOUSGTOOT aucmoP
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^niiTiupniiu uitiugnuiu AiAfirrAmApipbloboWU A HI \KAn u ivi
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Cirsium undulotum WQVyiGQT TNISTIG All IM

Cirsiurn wheGlGri \A / haa 1a r ' c- fh i p + 1a A 1 \A/ l-l^ i vv n

Cirsium wriQhtii vv ny ri i b rriioiic A 1 \A/

D

1 VV K

IL/L.K Ulol 1 1\J 1 lb pi rn
/-\ 1 /-\ A-< A-i f~i i /~i 1A w-\ /~i i f /—i 1 i /-i^uiuyufinj lunyiiuiiu i(jiiyit?tji uuiuytjiinj ^ *
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' L 1—J

^ 1^ /-i /-in i r~-\
i 1 1 s-^ t—i 1 1 /—*^oioyania puicneiiu aa 1aa /~i n i i~iouiuyU 1 tiu PPlPI 1

ColOQonio spp. 1a /--t /--i n i
/~\uuiuyu i iiu

A Al AAA
Comondro umb6l!ata s. poll.do UUblCJIU iucjuiiux PAI IMLUU IVI

L^omrTiGiinu uiuniniioiicj UIIUUMI uuyiiuwtji pnni

CommGlino erecto wniTGmouTn aoyTiowGr POCD^vjtl<

CommGlino spp. f\ /~t \ if\ /~\\ tild ruuy i luwyi w V_/ IVI IVI C L

>^oriopr luits myxicuitu IVIcJaIOUII bL] UUW

i

\J\J 1 \ \J IVI c

^onyza scmeaeana hnrcD\A/DDrl
1 ItwMbt?W tJt?U v UJVy

v^oruiiornizu spp. L- U( UllUU 1
PDPAI 1

WOKJIIUI I IIZU SIIIUIU l lUtyvJtrvJ \s \J < t-l 1 1 \J i COSTR
Cosmos spp. a /~\fnn /~\ fcosmos AA C N/1A C

Cowonio mexicanc a i^i \ a/ /~i n i ."iLUWUillU PPWMF\J Vv (VIC

Cyperus fendlerianus rGnulGi S TIUTSGuyG PVCF

Cyperus rusbyi
Hi ia|^v/'c fIa +cqHAOKUSDy b TIUTbGUyG pvri i^ I l\ u

Cyperus spp. f l/ltl'A/HnA CYPERU

Cystopteris frag ilis DUIDIGT UluauGlTGrn pvpi?v t rj<

Dactylis glomerata ore na ray rubs

IUAIUII UlVjIlltfUltJVt?! DALE

Dalea spp. prariGdovGr n Ai p aUMLttt

Dalea wislizeni oukwooos prariGciovGi L-'MVV 1

Dasylirion wheolsri AAnnnnAn cr\tAlcommon sotoi l^mvv n

Desmanthus cooleyi v^ooiGy s DunaiGiiowGi

Dosmodium arizonicum A r i 7A n ti a l/t rAf AilMNZUNvJ MUKIItrlUM DF AI?

Dosmodium batocaulon DEBA

Desmodium grahami yrQSSIGOT TICKTiGTOM

Ufc?Sl I lUUIUlTl lUbyi Dnco'c \i\ rof r^ilKUOC o 1 luM 1 CI wll DERO
Desmodium spp. TriCKTlGT Oil l_y C O IVIw
uraua durea yuitJtjii w i u

i

\\j vv y i uoo DRAU
Draba hGlloriana nt?iit?i b w i ii i \\jw y i ubb DRHE

Draba spp. wniiiowy rass nPARA

Drymaria tonella uryF * i(jry DRTE

Echinocactus spp. rj Ai / i 1 f k> A\a /~-JUGVIIbl lcUU FPHINP

Echinocsreus spp. NGUyUMUy LULIUo FPHINO

cu i hi lute 1 us 1 1 fyiuc i iicjiu i us Icinnn in i^nr*ti ic.MliyUU|«' LU'wIUg ECTR

Elymus spp. wheatgrass ELYMUS

Epilobium angustifolium fireweed EPAN

Epilobium paniculatum autumn willowreed EPPA

Eragrostis intermedia plains lovegrass ERIN

Eragrostis spp. purple lovegrass ERAGRO
Erigeron caespitosus tufted fleabane ERICA

Erigeron divergens spreading fleabane ERDI
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APPENDIX A (continued)
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Geranium caespitosum pineywoods geranium GECA
Geranium eremophilum purple cluster geranium GEER

Geranium richardsonii Richardson's geranium GERI

Geranium spp. geranium GERANI

Gilia aggregata skyrocket gilia GIAG

Gilia macomPii MacomP's skyrocket GIMA
Gilia multiflora many flowered gilia GIMU
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APPENDIX A (continued)
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Lathyrus gramlnifollus grassleaf peavine LAGR
Lathyrus leucanthus aspen peavine LALE

Lathyrus spp. peavine LATHYR

Lepidium densiflorum common pepperweed LEDE

Lepidium medium medium pepperweed LEME

Lepidium spp. pepperweed LEPIDI

Lesquerella intermedia mid Pladderpod LEIN

Leucelene ericoides rose heath LEER
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APPENDIX A (continued)

Scientific Name Common Name HT Acronym

Ligularia bigelovii Bigelow's ragwort LIBI

Ligusticum porteri Porter's licoriceroot LIPO

Linum aristatum bristle flax LIAR

Linum lewisii prairie flax LILE

Linum neomexicanum New Mexico yellow flax LINE

Linum puberulum plains flax LIPU

Linum spp. flax LINUM

Lithospermum incisum narrowleaf gromwell LIIN

Lithospermum multiflorum manyflowered gromwell LIMU

Lithospermum spp. gromwell LITHOS

Lonicera albiflora western white honeysuckle LOAL

Lonicera arizonica Arizona honeysuckle LOAR

Lonicera spp. honeysuckle LONICE

Lonicera utahensis Utah honeysuckle LOUT

Lotus oroboides New Mexico birdsfoot trefoil LOOR

Lotus spp. trefoil LOTUS

Lotus wrightii Wright's deervetch LOWR
Lupinus argenteus silvery lupine LUAR

Lupinus blumeri New Mexico lupine LUBL

Lupinus hillii Hill's lupine LUHI

Lupinus kingsii King's lupine LUKI

Lupinus palmeri bluebonnet lupine LUPAL

Lupinus spp. lupine LUPINU

Luzula parviflora smallflowered woodrush LUPA

Lycurus phleoides common wolfstail LYPH

Machaeranthera gracilis smallflower tansyaster MAGR
Mahonia repens Oregongrape MARE

Malaxis soulei Chiricahua addersmouth orchid MASO

Mammillaria arizonica Arizona spinystar MAAR
Mammillaria spp. nipple cactus MAMMIL

Melilotus officinalis yellow sweetclover MEOF

Mertensia franciscana Franciscan bluebells MEFR

Mimosa biuncifera catclaw mimosa MIBI

Mimosa grahamii Graham's mimosa MIGR

Mimulus spp. monkeyflower MIMULU

Mirabilis pumila dwarf four o'clock MIPU

Monarda menthifolia wildbergamot beebalm MOME
Monarda pectinata pony beebalm MOPE

Monarda spp. beebalm MONARD

Moneses uniflora single delight MOUN
Monotropa hypopitys pinesap MOHY

Monotropa latisquama pinesap MOLA

Muhlenbergia emersleyi bullgrass MUEM

Muhlenbergia fragilis delicate muhly MUFR

Muhlenbergia glauca desertmuhly MUGL

Muhlenbergia longiligula longtongue muhlly MULO

Muhlenbergia minutissima annual muhly MUMI

Muhlenbergia montana mountainmuhly MUMO
Muhlenbergia racemosa marsh muhly MURA

Muhlenbergia spp. muhly MUHLEN

Muhlenbergia virescens screwleaf muhly MUVI

Nolina microcarpa sacahuista NOMI

Oenothera spp. pinkladies OENOTH

Opuntia engelmannii cactus apple OPEN

Opuntia plumbea twistspine pricklypear OPPL

Opuntia spinosior walkingstick cactus OPSP

Opuntia spp. opuntia OPUNTI

Opuntia whipplei Whipple cholla OPWH

Oreochrysum parryi Parry's goldenrod ORPA

Oryzopsis micrantha littleseed ricegrass ORMI

Osmorhiza chilensis sweetcicely OSCH

51



APPENDIX A (continued)

Scientific Name Common Name HT Acronym

Osmorhiza depauperata Pluntseed sweetroot OSDE
Oxalis decaphylla tenleaf woodsorrel OXDE
Oxalis greyi tenleaf woodsorrel OXGR
Oxalis metcalfei alpine woodsorrel OXME
Oxalis spp. woodsorrel OXALIS

OxyPaphus comatus mountain four o'clock OXCO
OxyPaphus spp. four o'clock OXYBAP
Oxytropis lamPertii LamPert's crazyweed OXLA
Pachystima myrsinites myrtle pachistima PAMY
Panicum PulPosum Pulp panicgrass PABU
Panicum spp, panicgrass PANICU
Pedicularis grayi giant lousewort PEGR
Pedicularis racemosa sickletop lousewort PERA
Pedicularis spp. lousewort PEDICU

Pellaea atropurpurea purple cliffPrake PEAT

Pellaea spp. cliffPrake PALLAE

Pellaea wrightiana Wright's cliffPrake PEWR
Pennellia micrantha mountain mock thelypody PEMI

Penstemon ParPatus Peardlip penstemon PEBA

Penstemon linarioides toadflax penstemon PELI

Penstemon oliganthus Apache Peardtongue PEOL

Penstemon pseudospectaPilis desert penstemon PEPS

Penstemon spp. Peardtoungue PENSTE

Penstemon virgatus upright Plue Peardtongue PEVI

Perezia spp. desertpeony PEREZI

Perityle ciliata fringed rockdaisy PECI

Phacelia heterophylla varileaf phacelia PHHE

Phacelia magellanica Kaweah River scorpionweed PHMA
Phacelia spp. scorpionweed PHACEL
Phaseolus acutifolius tepary Pean PHAC
Phaseolus angustissimus slimleaf Pean PHAN
Phaseolus parvulus Pinos Altos Mountain Pean PHPA
Phaseolus spp. Pean PHASEO
Phaseolus wrightii slimjim Pean PHWR
Philadelphus microphyllus littleleaf mockorange PHMI

Phlox amaPilis Arizona phlox PHAM
Physocarpus monogynus mountain ninePark PHMO
Picea engelmannii Engelmann's spruce PIEN

Picea pungens Plue spruce PIPU

Pinus discolor Porder pinyon PIDI

Pinus edulis twoneedle pinyon PIED

Pinus engelmannii Apache pine PINEN

Pinus leiophylla Chihuahuan pine PILE

Pinus monophylla singleleaf pinyon PIMO
Pinus ponderosa ponderosa pine PIPO

Pinus stroPiformis southwestern white pine PIST

Piptochaetium fimPriatum pinyon ricegrass PIFI

Plantago patagonica woolly plantain PLPA

Platanus wrightii Arizona sycamore PLWR

Plummera floriPunda Apache Pass false rubbervlne PLFL

Poa fendleriana muttongrass POFE

Poa pratensis Kentucky Pluegrass POPR

Poa spp. Pluegrass POA
Polemonium spp. JacoPsladder POLEMO
Polygala alPa white milkwort POAL

Polygala longa Plue milkwort POLO
Polygala oPscura velvetseed milkwort POOB
Polygonum sawatchense sawatch knotweed POSA

Populus fremontii Fremont's cottonwood POFR

Populus tremuloides quaking aspen POTR

Potentilla hippiana woolly cinquefoil POHI
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APPENDIX A (continued)
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Qi ipmi ic hv/nnlpt mnirtpc silverleof oak QUHY
dipmtic runncn netleaf oak QURU
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skunkbush sumac RHAR
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wax currant RICE
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gooseberry currant RIMO
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Saxifraga eriophora redfuzz saxifrage SAER

Saxifraga spp. saxifrage SAXIFR

Schizachrium hirtlflorum crimson bluestem SCHI

Schizachyrium cirratum Texas bluestem SCO
Schizachyrium scoparium little bluestem SCSC

Schizachyrium scoparium v.freg little bluestem SCSCFR

Schizachyrium scoparium v.neom New Mexico little bluestem SCSCNE

Scrophularia parvifolia pineland figwort SO PA
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ThGlGSpGrmo rnGgopotamicunn L-l/"tr~\i + /~iroon + hron/HnOpi led y I tjfcH 1 1 1 1 1 fcrUU i n ivi c

ThGlypodium longifolium Innnlonf mnnl/ thph/nnrlwiuiiyifc?ui iiiuurs iiitriypuuy THLO

Thelypodium spp. thol\/AArl\/
i nyiypuuy THELYP

Th@typodium wrightii \A/rinhf'c +hol\/nnn"\/vviiyiii b iiiciypuuy THWR
ThormAncic ninc^tAri inn
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1 \J CA

TownsGndio Gxscopo e+om 1occ iAiA/ncpnAlInblt?rillt7bb 1 UW 1 lbfc?1 1UIU TOEXS

loxicoasnaron ryuD©ryii Wt?blolIl puibun ivy TORY

Tradescantla plnetorum pinGwoods spidGrwort TRAPI

Tragla ramosa branchGd nosGburn TRRA

Tragopogon pratensls mGadow salsify TRAPR

Trlsetum splcatum v. montanum spike trlsetum TRSP

Trlfollum plnetorum woods clover TRIPI

Trlfollum spp, clover TRIFOL

Vaccinlum myrtlllus whortleberry VAMY
Valeriana acutlloba sharpleaf valerian VAAC
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APPENDIX A (continued)

Scientific Name Common Name HT Acronym

Valeriana arizonica Arizona valerian VAAR
Valeriana spp. valerian VALERI

Verbascum thapsus common mullein VETH

Verbena blpinnatlfida Dakota mock vervain VEBI

Verbena spp. verbena VERBEN
Verbesina longifolia longleaf crownbeard VELO
Vicia americana American vetch VIAM
Vicia pulchella sweetclover vetch VIPU

Vicia spp. vetch VICIA

Vicia villosa winter vetch VIVI

Viguiera annua longleaf falsegoldeneye VIAN

Viguiera dentata toothleaf goldeneye VIDE

Viguiera multiflora showy goldeneye VIMU
Viola canadensis Canadian white viole VICA
Vitis arizonica toothleaf goldeneye VIAR

Woodsia mexicana Mexican woodsia WOME
Woodsia spp. woodsia WOODSI
Yucca baccata banana yucca YUBA
Yucca schottil Schott's yucca YUSC
Yucca spp. yucca YUCCA
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APPENDIX B

Average density and percent constancy of major tree species, and average percent cover and constancy of

the shrub, grass and forb species within each habitat type in southern Arizona and portions of the Colorado

Plateau.

In these summary association tables, tree sizes are defined as:

Yng. regen. = trees less than 2 inches (5cm) diameter breast height

Adv. regen. = trees 2-10 inches (5-25 cn) diameter breast height

Mature = trees larger than 10 inches (25 cm) diameter breast height

Table 1 . Species average density (D) or cover (C) and constancy (CON) for the Abies lasiocarpa and Picea engelmannii series.

Type No. 1 =Picea engelmannii/Moss HT

Type No. 2 =Picea engelmannii/Carex foenea HT

Type No. 3 =Picea engelmannii/Acer glabrum HT

Type No. 4 =Picea engelmannii/Erigeron eximius HT

Type No. 5 =Abies lasiocarpa/Moss HT

Type No. 6 =Abies lasiocarpa/Vaccinium myrtillus HT

Type No. 7 =Abies lasiocarpa/Vaccinium myrtillus - Rubus parviflorus HT

Type No. 8 =Abies lasiocarpa/Rubus parviflorus HT

Type No. 9 =Abies lasiocarpa/Erigeron eximius HT

Type No. 10 =Abies lasiocarpa/Jamesia americana HT

Type No: 1 2 3 4 5

No. Plots: (1) (2) (4) (2) (2)

D/C CON D/C CON D/C CON D/C CON D/C CON

TREES
Abies concolor (yng. regen.)

Abies concolor (adv. regen.)

Abies concolor (mature)

Abies lasiocarpa (yng. regen.)

Abies lasiocarpa (adv. regen.)

Abies lasiocarpa (mature)

Picea engelmannii (yng. regen)

Picea engelmannii (adv. regen)

Picea engelmannii (mature)

Picea pungens (y. regen)

Picea pungens (a. regen)

Picea pungens (mature)

Pinus ponderosa (adv. regen.)

Pinus ponderosa (mature)

Pinus strobiformis (yng. reg.)

Pinus strobiformis (adv. reg.)

Pinus strobiformis (mature)

Populus tremuloides (y. reg.)

Populus tremuloides (a. reg.)

Populus tremuloides (mature)

Pseudotsuga menziesii (y. reg)

Pseudotsuga menziesii (a. reg)

Pseudotsuga menziesii (mature)

SHRUBS
Acer glabrum
Alnus tenuifolia

Amelanchier mormonica

16

1

2

1 50

2 100

12 100 11 100 27

39 100 8 100 6

25 100 9 100 6

16

4

1

5

8

23

3

4

100 8 50

25

75

8 100

10 100

7 50

100 45 100 21 100

100 38 50 22 100

100 2 100 4 100

17 50

16 50

2 50

1 50

1 100

50 4 100

25 1 100

25

60 50

50 10 50

75

100 34 100 2 50

50 14 100

100 6 100 1 50

11 100

6 50

<1 50
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APPENDIX B: Table 1 (continued)

Type No:

No. Plots:

1

(1)

2

(2)

D/C CON D/C CON

3

(4)

D/C CON

4

(2)

D/C CON

5

(2)

D/C CON

Holodiscus dumosus
Jamesia americana
Lonicera arizonica

Lonicera utahensis

Pachystima myrsinites

Physocarpus monogynus
Populus tremuloides

Rlbes spp.

Ribes montigenum
Ribes pinetotorum

Ribes wolfii

Robinia neomexicana
Rubus idaeus var. strigosus

Rubus leucodermis

Rubus parviflorus

Rubus spp.

Sambucus melancarpa
Vaccinium myrtillus

GRAMINOIDS
Agrostis idahoensis

Bromopsis richardsonli

Bromopsis porteri

Carex spp.

Carex bella

Carex foenea
Carex geophila

Carex rossii

Festuca idahoensis

Festuca sororia

Koeleria pyramidata

Luzula parviflora

Poa fendleriana

Poa pratensis

Tresetum spicatum v. montanum

FORBS
Achillea millefolium

Actea argut

Aquilegia spp.

Arenaria spp.

Besseya plantaginea

Campanula rotundifolia

Chimiphila umbellata

Cystopteris fragilis

Epilobium angustifolium

Erigeron spp.

Erlgeron eximius

Erigeron subtrinervis

Fragaria americana
Fragaria ovalis

Galium spp.

Galium triflorum

Gentianella amarella

Geranium richardsonii

Goodyera oblongifolia

Habenaria hyerborea

Helenium hoopesii

Lathyrus arizonicus

<1

<1

100

100

<1

<1

<1 50

<1 100

<1

37

<1

<1

4

100

100

100

50

50

<1

<1

<1

<1

100

100

<1

<1

<1

<1

<1

<1

50

100

50

50

50

100

<1

<1

<1

<1

<1

<1

<1

<1

<1

25

75

50

25

25

25

25

25

25

25

50

25

25

25

<1

7

<1

<1

25

<1

6

<1

<1

<1

<1

10

4

<1

<1

4

<1

<1

50

50

50

50

50

50

100

100

50

100

50

100

50

100

50

50

100

50

100

<1 50

<1

<1

<1

50

50

100

<1 50
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APPENDIX B: Table 1 (continued)

Type No: 1 2 3 4 5

No. Plots: (1) (2) (4) (2) (2)

D/C CON D/C CON D/C CON D/C CON D/C CON

Ligularia bigelovii <1 50 <1 50

Ligusticum porteri <1 100 <1 75 <1 50

Mertensia franciscana <1 100

Moneses uniflora

Oreochrysum parryi <1 100

Ramischia secunda
Osmorhiza depauperata <1 50

Pedicularis racemosa
Penstemon spp
Potentilla subviscosa <1 50 <1 50

Pseudocymopterus montanus <1 50 <1 75 <1 100

Pteridium aquilinum 1 75 <1 100

Pyrola chlorantha <1 25 <1 50

Pyrola picta

Senecio eremophilus

Senecio spp.

Senecio wootoni <1 50 3 100 <1 50

Smilacina racemosa <1 50 <1 50

Smilacina stellata <1 25 1 100

Taraxacum officinale <1 50

Thalictrum fendleri <1 25 1 100

Vicia americana <1 100 <1 50 <1 100

Vicia pulchella <1 50

Viola canadensis <1 50 <1 50

Woodsia spp

TREES
Abies concolor (yng. regen.)

Abies concolor (adv. regen.)

Abies concolor (mature)

Abies lasiocarpa (yng. regen.) 43 100 >100 100 >1 00 100 31 100 4 100

Abies lasiocarpa (adv. regen.) 10 100 5 100 12 100 11 100 7 100

Abies lasiocarpa (mature) 4 67 2 100 7 100 3 100 4 100

Picea engelmannii (yng. regen) 32 100 57 100 51 100 22 100

Picea engelmannii (adv. regen) 22 100 18 100 13 100 18 100

Picea engelmannii (mature) 17 100 11 100 6 100 13 100

Picea pungens (y. regen)

Picea pungens (a. regen)

Picea pungens (mature)

Pinus ponderosa (adv. regen.)

Pinus ponderosa (mature)

Pinus strobiformis (yng. reg.)

Pinus strobiformis (adv. reg.)

Pinus strobiformis (mature)

Populus tremuloides (y. reg.) 1

1

100

Populus tremuloides (a. reg.) 2 50 1 100

Populus tremuloides (mature) 3 50 1 100

Pseudotsuga menziesii (y. reg) 2 50

Pseudotsuga menziesii (a. reg)

Pseudotsuga menziesii (mature) 1 50 4 100

SHRUBS
Acer glabrum <1 100 <1 100

Alnus tenuifolia

Amelanchier mormonica
Holodiscus dumosus
Jamesia americana 10 100

Lonicera arizonica

Lonicera utahensis <1 100 <1 100 3 100 1 50
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APPENDIX B: Table 1 (continued)

Type No: 1 2 3 4 5

No. Plots: (1) (2) (4) (2) (2)

D/C CON D/C CON D/C CON D/C CON D/C CON

Pachystima myrsinltes

Physocarpus monogynus
Populus tremuloides

Ribes spp.

Ribes montigenum
Ribes pinetotorum

Ribes wolfii

Robinia neomexicana
Rubus idaeus var. strigosus

Rubus leucodermis

Rubus parviflorus

Rubus spp.

Sambucus melancarpa
Vaccinium myrtillus

<1 33

33 67

100

10 100

1 100

20 100

<1

1

2

<1

<1

<1 100

50

50

50

50

50

50

10 100

30 100

5 100

GRAMINOIDS
Agrostis idahoensis

Bromopsis richardsonii

Bromopsis porteri

Carex spp.

Carex bella

Carex foenea
Carex geophila

Carex rossii

Festuca idahoensis

Festuca sororia

Koeleria pyramidata
Luzula parviflora

Poa fendleriana

Poa pratensis

Tresetum spicatum v. montanum

<1

<1

<1

<1

<1

<1

<1

100

67

33

33

33

33

33

<1

<1

100

100

<1

100

100

<1 100

<1

<1

<1

<1

100

50

50

50

FORBS
Achillea millefolium

Actea arguta

Aquilegia spp.

Arenaria spp.

Besseya plantaginea

Campanula rotundifolia

Chimiphila umbellata

Cystopteris fragilis

Epilobium angustifolium

Erigeron spp.

Erigeron eximius

Erigeron subtrinervis

Fragarla americana
Fragaria ovalis

Galium spp.

Galium triflorum

Gentianella amarella

Geranium richardsonii

Goodyera oblongifolia

Habenarla hyerborea

Helenium hoopesli

Lathyrus arlzonlcus

Ligularla blgelovll

Llgustlcum porteri

Mertensia franclscana

Moneses unlflora

<1 33

<1

<1

<1

<1

67

67

33

33

<1

<1

<1

<1

<1

100

100

100

100

100

100

100

3

<1

2

2

<1

<1

4

<1

<1

<1

100

100

100

100

100

100

100

100

100

100

20

1

<1

<1

<1

<1

<1

5

<1

100

50

50

50

50

50

50

50

50

50

100

<1 100
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APPENDIX B: Table 1 (continued)

Type No:

No. Plots:

1

(1)

2

(2)

3

(4)

4

(2)

5

(2)

D/C CON D/C CON D/C CON D/C CON D/C CON

Oreochrysum parryi <1 67 <1 100 <1 50

Ramischia secunda <1 100 <1 100 <1 100 <1 50

Osmorhiza depauperata <1 67 <1 100 1 100 <1 100

Pedicularis racemosa <1 33 <1 50

Penstemon spp. <1 50

Potentilla subviscosa

Pseudocymopterus montanus <1 67 <1 100 <1 100

Pteridium aquilinum <1 50 2 100

Pyrola chlorantha <1 33

Pyrola picta <1 100 <1 50

Senecio eremophilus <1 50

Senecio spp. < 1

i nn
1 UU

Senecio wootoni

Smilacina racemosa <1 100 <1 50

Smilacina stellata <1 67 <1 100 1 50

Taraxacum officinale

Thalictrum fendleri <1 100 2 100

Vicia americana <1 67 20 100

Vicia pulchella

Viola canadensis 100 1 100 <1 50

Woodsia spp. <1 100
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Table 2. Species average density (D) or cover (C) and constancy (CON) for the Plcea pungens, Abies concolor, and Pseudotsuga
menziesli series.

Type No. 1

1

Type No. 12

Type No. 13

Type No. 14

Type No. 15

Type No. 16

Type No. 1

7

Type No. 1 9

Type No. 18

Type No. 20

Type No, 21

Type No. 24

Type No. 22

Type No. 23

Type No. 25

Type No. 26

Type No. 27

Type No. 28

Type No. 29

=Plcea pungens/festuca arizonlca HT

=Plcea pungens/psedutsuga menziesli HT junlperus communis PH
= Plcea pungens/erlgeron exlmius HT

=Abies concolor/vacclnium myrtlllus HT

=APIes concolor/carex foenea HT

=Ables concolor/PerPeris repens HT

=Abies concolor/acer glabrum HT

=Ables concolor/erigeron eximius HT Valeriana arizonlca PH

=Abies concolor/quercus gamPelll HT

=Abies concolor/acer grandidentatum HT

=Abies concolor/juglans major HT

=Pseudotsuga menziesii/sparse

=Pseudotsuga menziesli/muhlenPergia virescens hi

=Pseudotsuga menzlesii/muhlenPergia montana HT

=Pseudotsuga menziesii/quercus gamPelii HT

=Pseudotsuga menziesii/acer grandidentatum HT

=Pseudotsuga menziesii/quercus rugosa HT

=Pseudotsuga menziesii/quercus hypoleucoldes HT

=Pseudotsuga menziesii/quercus arizonlca HT

Type No:

No. Plots:

11

(2)

12

(1)

D/C CON D/C CON

13

(1)

D/C CON

14

(1)

D/C CON

15

(3)

D/C CON

TREES
Abies concolor (yng. regen.)

Abies concolor (adv. regen.)

Abies concolor (mature)

Abies lasiocarpa (yng. regen.)

Acer glabrum (yng. regen.)

Acer glabrum (adv. regen.)

Acer glabrum (mature)

Acer grandidentatum (y. regen.)

Acer grandidentatum (a. regen.)

Acer grandidentatum (mature)

Acer negundo (y regen)

Acer negundo (mature)

Arbutus arizonlca (y. regen.)

Arbutus arlzonica (a. regen.)

Fraxinus pennsylvanica (y.reg)

Fraxinus pennsylvanica (a.reg)

Juglans major (yng. regen.)

Juglans major (adv. regen.)

Juglans major (mature)

Junlperus deppeana (y. regen.)

Junlperus deppeana (a. regen.)

Junlperus deppeana (mature)

Junlperus scopulorum (y. rg.)

Plcea engelmannil (yng. regen)

Plcea engelmannil (adv. regen)

Plcea engelmannil (mature)

Plcea pungens (y. regen)

Picea pungens (a. regen)

Picea pungens (mature)

Plnus discolor (yng. regen.)

Pinus discolor (adv. regen.)

Plnus edulis (yng. regen.)

Plnus engelmannii (adv. regen)

Pinus engelmannii (mature)

Pinus ponderosa (yng. regen.)

Pinus ponderosa (adv. regen.)

9

11

1

20

18

6

100 20 100

50

14

20

10

100

100

100

4 67

2 67

2 33

2 33

50

50

50

100

100

100

100

36 100

3 100

19

24

5

100

100

100

100

33

33

50

50

100 33
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APPENDIX B: Table 2 (continued)

Type No:

No. Plots:

11

(2)

12

(1)

13

(1)

14

(1)

15

(3)

D/C CON D/C CON D/C CON D/C CON D/C CON

4 50

6 50 26 100 >1 00 100 7 67

8 50 3 100 13 100 8 100

1 50 3 100 1 100 3 67

19 100 14 100 1 33

1 100 6 67

1 50 1 33

18 50 >100 100 19 100 >100 100 .11 100

15 50 24 100 25 100 24 100 6 67

2 50 11 100 6 100 4 100 2 100

Pinus ponderosa (mature)

Pinus strobiformis (yng. reg.)

Pinus strobiformis (adv. reg.)

Pinus strobiformis (mature)

Populus tremuloides (y. reg.)

Populus tremuloides (a. reg.)

Populus tremuloides (mature)

Prunus serotina (yng. reg.)

Prunus serotina (adv. reg.)

Prunus serotina (mature)

Pseudotsuga menziesii (y. reg)

Pseudotsuga menziesii (a. reg)

Pseudotsuga menziesii (mature)

Quercus arizonica (y. regen.)

Quercus arizonica (a. regen.)

Quercus arizonica (mature)

Quercus chrysolepis (y. reg.)

Quercus chrysolepis (a. reg.)

Quercus chrysolepis (mature)

Quercus emoryi (y. regen.)

Quercus emoryi (a. regen.)

Quercus gambelii (y. regen.)

Quercus gambelii (a. regen.)

Quercus gambelii (mature)

Quercus hypoleucoides (y.reg.)

Quercus hypoleucoides (a. reg.)

Quercus hypoleucoides (mature)

Quercus rugosa (y. regen.)

Quercus rugosa (a. regen.)

SHRUBS
Acer glabrum
Acer grandidentatum
Acer negundo
Agave spp.

Agave parryi

Amelanchier utahensis

Amorpha fruticosa

Arbutus arizonica

Arctostaphylos pringlei

Baccharis thesioides

Brickellia californica

Ceanothus fendleri

Cercocarpus montanus
Clematis columbiana
Fendlera rupicola

Fraxinus spp.

Fraxinus pennsylvanica

Garrya wrightii

Holodiscus dumosus
Jamesia americana
Juglans major

Juniperus communis
Junlperus deppeana (shrubs)

Lonlcera spp.

Lonlcera alblflora

Lonlcera arizonica

Lonicera involcrata

Lonlcera utahensis

100

100

6 100 8 33

<1 100

<1 33

25 100 <1

<1

100

100

<1 100
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APPENDIX B: Table 2 (continued)

Type No:

No. Plots:

11

(2)

12

(D

13

(1)

14

(1)

15

(3)

D/C CON D/C CON D/C CON D/C CON D/C CON

Berberis repens

Nolina microcarpa

Pachystima myrsinites

Philadelphus microphyllus

Populus tremuloides

Prunus spp.

Prunus emarginata

Prunus serotina ssp. virens

Ptelea angustifolia

Quercus arizonica

Quercus chrysolepis

Quercus emoryi

Quercus gambelii

Quercus hypoleucoides

Quercus rugosa

Rhamnus betulaefolia

Rhamnus californica

Rhus aromatica

Rhus choriophylla

Rhus glabra

Ribes pinetotorum

Robinia neomexicana
Rosa arizonica

Rosa woodsii

Rubus idaeus var. strigosus

Rubus leucodermis

Rubus neomexicanus
Rubus parviflorus

Salix scouleriana

Sambucus melancarpa
Sorbus dumosa
Symphoricarpos oreophilus

Symphoricarpos palmeri

Toxicodendron rydbergii

Vaccinium myrtillus

Vitis arizonica

Yucca baccata
Yucca schottii

GRAMINOIDS
Agropyron arizonicum

Agropyron subsecundum
Aristida spp.

Aristida orcuttiana

Blepharoneuron tricholepis

Bromus spp.

Bromopsis richardsonii

Bromopsis porteri

Carex spp.

Carex brevipes

Carex geophila

Carex rossii

Cyperus fendlerianus

Carex foenea
Dactylis glomerata

Festuca spp.

Festuca arizonica

Festuca sororia

Koeleria pyramidata

100

100

<1

100 <1 100

50

<1 67

100

<1 50 <1

<1

<1

100

100

100

<1

2

2

100

100

100

1

<1

<1

100

100

100

100

<1 33

40 100

33

<1

<1

50

100 :1 100 :1 100 <1 100 13 100

25

100

100

<1 100 20 100

:1 100 <1 100

<1 67

70 100

1 33

<1 33
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APPENDIX B: Table 2 (continued)

Type No:

No. Plots:

11

(2)

D/C CON

12

(1)

D/C CON

13

(1)

D/C CON

14

(1)

D/C CON

15

(3)

D/C CON

Muhlenbergia longiligula

Muhlenbergia montana
Muhlenbergia virescens

Panicum bulbosum
Piptochaetium fimbriatum

Poa fendleriana

Poa pratensis

Sitanion hystrix

Stipa pringlei

Tresetum spicatum v. montanum

F O R B S

Achillea millefolium

Actea arguta

Agastache sp.

Allium spp
Allium cernuum
Androsace septentrionalis

Antennaria spp.

Antennaria arida

Antennaria neglecta

Antennaria parvifolia

Anthericum torreyi

Aquilegia spp.

Aquilegia elegantula

Aquilegia chrysantha

Arabis spp.

Arenaria spp.

Arenaria lanuginosa

Artemisia carruthii

Artemisia ludoviciana

Astragulus spp
Bahia dissecta

Besseya plantaginea

Bidens spp.

Bidens lemmonii

Brickellia spp.

Brickellia betonieaefolia

Brickellia brachyphylla

Brickellia grandiflora

Cacalia decomposita
Campanula rotundifolia

Castilleja spp
Castilleja austromontana
Castilleja confusa

Castilleja integra

Cerastium nutans

Chaptalia alsophlla

Cheilanthes fendleri

Chenopodium spp.

Chenopodium fremontii

Chimiphila menziesii

Chimiphila umbellata

Cirsium spp.

Cirsium parryi

Cirsium rothrockii

Cirsium wheeleri

Cirsium wrightil

Cologania longifolia

<1 100

<1

<1

100

50

<1 100

<1

<1

5

33

33

67

<1 50

100

<1 100

<1 100 <1 100

2 33

<1

<1

100

50

<1 100

3

<1

100

33

<1

<1

33

33

1 100

1 67

<1 100

<1 100

<1 100

2 100

<1 100

<1 50
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APPENDIX B: Table 2 (continued)

Type No: 11 12 13 14 15

No. Plots: (2) (1) (1) (1) (3)

D/C CON D/C CON D/C CON D/C CON D/C CON

Comandra umbellata s. pallida

Conyza schiedeana
Corallorhlza spp.

Corallorhlza striata

Cosmos spp.

Cystopterls fragllls

Desmodium sp.

Draba sp.

Draba helleriana

Epiloblum angustifolium <1 100

geron spp. <1 33

geron caespitosus

geron exlmius 3 100 10 100

geron formoslssimus 7 50 1 33

geron neomexicanus
geron oreophllus

geron platyphyllus

geron rusbyl

geron speciosus

geron subtrlnervls

ogonum spp.

Eupatorium herbaceum
Euphorbia spp. <1 100

Euphorbia brachycera

Euphorbia chamaesula
Fragaria americana <1 33

Fragaria ovalis <1 100 <1 100 1 100 <1 100 <1 67

Galium spp.

Galium apparine

Galium asperrlnum

Galium boreale

Galium fendleri

Galium microphyllum

Galium rothroekii

Galium tinctorium

Galium triflorum <1 100 <1 33

Gentlana bigelovii

Geranium spp.

Geranium caespitosum

Geranium ereophilum

Geranium rlchardsonil <1 100 4 100 2 100 2 100

Gilia aggregata
Gilia multiflora

Gllla spp.

Gnaphallum spp
Gnaphalium macounll

Goodyera oblonglfolia

Haploppappus spp.

Hedeoma spp.

Hedeoma dlffusum

Hedeoma hyssoplfollum

Hedeoma oblonglfollum

Helenlum hoopesll <1 100 <1 67

Heracleum sphondyllum

Hellanthella qulnquenervls <1 100

Heuchera spp
Heuchera eastwoodlae
Heuchera parvlfolla

Heuchera versicolor
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APPENDIX B: Table 2 (continued)

Type No:

No. Plots:

11

(2)

12

(1)

D/C CON D/C CON

13

0)
D/C CON

14

(1)

D/C CON

15

(3)

D/C CON

Hieracium carneum
Hieracium fendleri

Hymenopappus mexicanus
Iris misouriensis

Lathyrus spp.

Lathyrus arizonicus

Lathyrus graminifolius

Lathyrus leucanthus

Ligusticum porteri

Linum neomexicanum
Lithosperum multiflorum

Lithosperum spp.

Lotus wrightii

Lupinus spp.

Lupinus hillii

Malaxis soulei

Monarda menthafolia

Monotropa latisauama

Oenothera spp.

Oreochrysum parryi

Osmorhiza chilensis

Osmorhiza depauperata
Oxalis spp.

Oxalis decaphylla

Oxalis metcalfei

OxyPaphus spp.

OxyPaphus comatus
Pelleae spp
Penstemon spp
Penstemom Parpatus

Penstemon virgatus

Perityle clliata

Phacelia spp
Phaseolus spp.

Phaseolus parvulus

Potentilla spp.

Potentilla hippiana

Potentilla thurPeri

Potentilla visidula

Prunella vulgaris

Pseudocymopterus montanus
Pteridium aauilinum

Pyrola chlorantha

Pyrola picta

Salvia arizonica

Saxifraga

Scrophularia parvlfolia

Senecio bigelovli

Senecio eremophilus

Senecio neomexicanus
Senecio spartiodes

Senecio wootonl
Silene spp.

Silene laclniata

Silene scouleri

SisymPrium linearifolium

Smilacina racemosa
Smilacina stellata

Solidago OecumPens

<1

<1

<1

50

50 15 100

<1 33

<1 33

<1 100 <1 67

<1 100 <1 100

100

100

<1 33

<1

<1

50

50

<1 100

<1 100

<1 100 <1 100

1 100

<1 33

<1 67

3 67

<1 33

<1

<1

50 100

<1 100

<1 100

100

100

100

<1 100

:1 100

2 100

:1 100

<1 100

<1 100

<1

<1

67

33

33

<1 50
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APPENDIX B: Table 2 (continued)

Type No:

No. Plots:

11

(2)

D/C CON D/C

12

(1)

CON

13

0)
D/C CON

14

(1)

D/C CON

15

(3)

D/C CON

Solldago spp.

Solidago sparsiflora

Solidago wrightli

Stevia spp.

Stevia plummerae
Stevia serrata

Thalictrum fendleri

Thelypodium spp
Thelypodium wrightli

Thermopsis pinetorum

Thlaspi fendleri

Tragia ramosa
Valeriana spp

Valeriana arizonica

Verbena bipinnatifida

Verbesina longifolia

Vicia spp.

Vicia americana
Vicia pulchella

Viguiera multiflora

Viola canadensis

Woodsia mexicana

<1 50 <1 100 <1 100 67

<1 50 <1 100 <1 100

2

<1

33

33

<1 100 <1 100 <1 100

33 100 19 100 >100 100 85 100 51 100

8 100 9 100 15 100 16 100 7 100

4 71 5

2

3

4

1

80

20

40

40

20

5

1

100

50

5 100 5 80

3 50 1 13 44 80

9

2

100

60

Type No: 16 17 19 18 20

No. Plots: (7) (5) (2) (8) (5)

D/C CON D/C CON D/C CON D/C CON D/C CON

TREES
Abies concolor (yng. regen.)

Abies concolor (adv. regen.)

Abies concolor (mature)

Abies lasiocarpa (yng. regen.)

Acer glabrum (yng. regen.)

Acer glabrum (adv. regen.)

Acer glabrum (mature)

Acer grandidentatum (y. regen.)

Acer grandidentatum (a. regen.)

Acer grandidentatum (mature)

Acer negundo (y regen) 1 50

Acer negundo (mature)

Arbutus arizonica (y. regen.)

Arbutus arizonica (a. regen.)

Fraxlnus pennsylvanica (y.reg)

Fraxinus pennsylvanica (a.reg)

Juglans major (yng. regen.) 1 20

Juglans major (adv. regen.) 1 13 1 20

Juglans major (mature)

Juniperus deppeana (y. regen.) 3 13

Juniperus deppeana (a. regen.) 2 25

Juniperus deppeana (mature)

Juniperus scopulorum (y. rg.) 1 13

Picea engelmannii (yng. regen)

Picea engelmannii (adv. regen)

Picea engelmannii (mature)

Picea pungens (y. regen)

Picea pungens (a. regen)

Picea pungens (mature)

Pinus discolor (yng. regen.) • 1 13

Pinus discolor (adv. regen.)
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APPENDIX B: Table 2 (continued)

Type No:

No. Plots:

16

(7)

17

(5)

19

(2)

18

(8)

20

(5)

»/c CON D/C CON D/C CON D/C CON D/C CON

1 29 3 50 5 50 2 40

2 38

1 14 2 38

9 71 2 100 98 50 A 25 32 20
A
'U 71 2 80 1

2

50 2 1

3

8 20

3 57 2 60 1 50 1 13 2 40

3 14 14 40 6 13 1 40

4 29 5 40 3 13

2 40 1 20

>3 100 6 80 >100 100 14 88 98 60

9 100 1 40 13 100 8 88 7 80

6 86 5 100 4 100 5 88 4 80

Pinus edulis (yng. regen.)

Pinus engelmannii (adv. regen)

Pinus engelmannii (mature)

Pinus ponderosa (yng. regen.)

Pinus ponderosa (adv. regen.)

Pinus ponderosa (mature)

Pinus strobiformis (yng. reg.)

Pinus strobiformis (adv. reg.)

Pinus strobiformis (mature)

Populus tremuloides (y. reg.)

Populus tremuloides (a. reg.)

Populus tremuloides (mature)

Prunus serotina (yng. reg.)

Prunus serotina (adv. reg.)

Prunus serotina (mature)

Pseudotsuga menziesii (y. reg)

Pseudotsuga menziesii (a. reg)

Pseudotsuga menziesii (mature)

Quercus arizonica (y. regen.)

Quercus arizonica (a. regen.)

Quercus arizonica (mature)

Quercus chrysolepis (y. reg.)

Quercus chrysolepis (a. reg.)

Quercus chrysolepis (mature)

Quercus emoryi (y. regen.)

Quercus emoryi (a. regen.)

Quercus gambelii (y. regen.)

Quercus gambelii (a. regen.)

Quercus gambelii (mature)

Quercus hypoleucoides (y.reg.)

Quercus hypoleucoides (a. reg.)

Quercus hypoleucoides (mature)

Quercus rugosa (y. regen.)

Quercus rugosa (a. regen.)

SHRUBS
Acer glabrum
Acer grandidentatum
Acer negundo
Agave spp.

Agave parryi

Amelanchier utahensis

Amorpha fruticosa

Arbutus arizonica

Arctostaphylos pringlei

Baccharis thesioides

Brickellia californica

Ceanothus fendleri

Cercocarpus montanus
Clematis columbiana
Fendlera rupicola

Fraxinus spp.

Fraxinus pennsylvanlca

Garrya wrightii

Holodiscus dumosus
Jamesia americana
Juglans major

Juniperus communis
Juniperus deppeana (shrubs)

<1

2

14

1

1

50 13 50 9 60

50 8 75 4 80

50 4 63 2 20

1 13

14

15 100 <1

1

<1

50

50

50

<1

14

14

20

20

25

:1 13

<1 13

<1 13

42 100

:1 20

2 40
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APPENDIX B: Table 2 (continued)

Type No: 16 17 19 18 20

No. Plots: (7) (5) (2) (8) (5)

D/C CON D/C CON D/C CON D/C CON D/C CON

Lonicera spp.

Lonicera albiflora

Lonicera arizonica

Lonicera involcrata

Lonicera utahensis

Berberis repens

Nolina microcarpa

Pachystima myrsinites

Philadelphus microphyllus

Populus tremuloides

Prunus spp.

Prunus emarginata

Prunus serotina ssp. virens

Ptelea angustifolia

Quercus arizonica

Quercus chrysolepis

Quercus emoryi

Quercus gambelii

Quercus hypoleucoides

Quercus rugosa

Rhamnus betulaefolia

Rhamnus californica

Rhus aromatica

Rhus choriophylla

Rhus glabra

Ribes pinetotorum

Robinia neomexicana
Rosa arizonica

Rosa woodsii

Rubus idaeus var. strigosus

Rubus leucodermis

Rubus neomexicanus
Rubus parviflorus

Salix scouleriana

Sambucus melancarpa
Sorbus dumosa
Symphoricarpos oreophilus

Symphoricarpos palmeri

Toxicodendron rydbergii

Vaccinium myrtillus

Vitis arizonica

Yucca baccata
Yucca schottii

<1

<1

<1

1

<1

<1

<1

14

29

14

13

14

13

14

<1

2

<1

<1

<1

3

<1

20

60

20

40

20

14

40

20

40

15

<1

3

<1

< i

<1

<1

<1

10

<1

50

100

100

100

50

100

50

20

50

50

50

2

5

<1

. ;1

!

<i

10

17

8

<1

<1

2

<1

<1

<1

<1

<1

<1

38

38

20

13

13

13

13

100

13

13

38

13

75

20

40

13

13

50

38

13

13

<1

20

20

20

100

60

20

20

GRAMINOIDS
Agropyron crizonlcum

Agropyron subsecundum
Aristida spp.

Aristida orcuttiana

Blepharoneuron trlcholepis

Bromus spp.

Bromopsis rlchardsonii

Bromopsis porteri

Carex spp.

Carex brevipes

Carex geophila

Carex rossii

Cyperus fendlerianus

Carex foenea

<1

2

<1

3

<1

14

71

29

14

43

<1

<1

<1

7

100

20

20

20

60

<1

100

13

1

<1

1

10

13

13

13

38

80

80
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APPENDIX B: Table 2 (continued)

Type No:

No. Plots:

16

(7)

D/C CON

17

(5)

D/C CON

19

(2)

D/C CON

18

(8)

D/C CON

20

(5)

D/C CON

Dactylis glomerata

Festuca spp.

Festuca arizonica

Festuca sororia

Koeleria pyramidata

Muhlenbergia longiligula

Muhlenbergia montana
Muhlenbergia virescens

Panicum bulbosum
Piptochaetium fimbriatum

Poa fendleriana

Poa pratensis

Sitanion hystrix

Stipa pringlei

Tresetum spicatum v. montanum

FORBS
Achillea millefolium

Actea arguta

Agastache sp.

Allium spp
Allium cernuum
Androsace septentrionalis

Antennaria spp.

Antennaria arida

Antennaria neglecta

Antennaria parvifolia

Anthericum torreyi

Aquilegia spp.

Aquilegia elegantula

Aquilegia chrysantha

Arabis spp.

Arenaria spp.

Arenaria lanuginosa

Artemisia carruthii

Artemisia ludoviciana

Astragulus spp.

Bahia dissecta

Besseya plantaginea

Biaens spp.

Bidens lemmonii

Brickellia spp.

Brickellia betonieaefolia

Brickellia brachyphylla

Brickellia grandiflora

Cacalia decomposita
Campanula rotundifolia

Castilleja spp.

Castilleja austromontana
Castilleja confusa

Castilleja integra

Cerastium nutans

Chaptalia alsophila

Cheilanthes fendleri

Chenopodium spp.

Chenopoaium fremontii

Chimiphila menziesii

Chimiphila umbellata

Cirsium spp.

<1

<1

<1

<1

<1

14

71

29

29

20

<1

40

20

<1 40 <1

50

50

50

<1 20

<1 14

2

<1

50

50

<1

5

<1

1

<1

<1

<1

5

<1

20

20

<1 43 <1 40

<1 20

<1 50

<1 14

:1 20

<1 14

50

13

25

25

38

13

13

13

13

20

<1 20

<1 20

<1 13 <1 20

<1 13

<1 50 <1 20

<1 13

<1 25

<1 50

<1 20

<1 20

<1 13
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APPENDIX B: Table 2 (continued)

Type No: 16 17 19 18 20

No. Plots: (7) (5) (2) (8) (5)

D/C CON D/C CON D/C CON D/C CON D/C CON

Cirsium parryi

Cirsium rothrockii

Cirsium wheelerl

Cirsium wrightii

Cologania longifolia

Comandra umbellata s. pallida <1 13

Conyza schiedeana <1 13

Corallorhiza spp.

Corallorhiza striata <1 20

Cosmos spp. <1 13

Cystopteris fragilis <1 14 <1 20 <1 13

Desmodium sp.

Draba sp. <1 13

Draba helleriana

Epilobium angustifolium

Erii

Erii

Erii

geron formosissimus

geron neomexicanus <1 14 <1 13

geron spp. <1 14 1 20 <1 13

geron caespitosus

geron eximius 25 20 <1 50

geron oreophilus

geron platyphyllus <1 25 <1 20

geron rusbyi <1 29 1 20

geron speciosus <1 50

geron subtrinervis <1 29 <1 20

ogonum spp.

Eupatorium herbaceum <1 14 <1 13

Euphorbia spp. <1 14

Euphorbia brachycera

Euphorbia chamaesula
Fragaria americana <1 43 8 20 <1 13

Fragaria ovalis <1 20 7 100 <1 13 5 40

Galium spp.

Galium apparine <1 50 1 13 3 20

Galium asperrinum <1 50 <1 40

Galium boreale <1 14

Galium fendleri

Galium microphyllum

Galium rothroekii

Galium tinctorium

Galium triflorum <1 14 <1 13

Gentiana bigelovii

Geranium spp. <1 29 <1 20 3 13

Geranium caespitosum 1 14 <1 13 <1 20

Geranium ereophilum

Geranium richardsonii <1 14 <1 80 4 100 <1 25 4 60

Gilia aggregata <1 13

Gilia multiflora

Gilia spp.

Gnaphalium spp
Gnaphalium macounii <1 20

Goodyera oblongifolia <1 20 <1 38

Haploppappus spp.

Hedeoma spp.

Hedeoma diffusum <1 25

Hedeoma hyssopifolium <1 14

Hedeoma oblongifolium

Helenium hoopesii <1 40

Heracleum sphondylium <1 20
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APPENDIX B: Table 2 (continued)

Type No:

No. Plots:

16

(7)

D/C CON

17

(5)

D/C CON

19

(2)

D/C CON

18

(8)

D/C CON

20

(5)

D/C CON

Helianthella quinquenervis

Heuchera spp
Heuchera eastwoodiae
Heuchera parvifolia

Heuchera versicolor

Hieracium carneum
Hieracium fendleri

Hymenopappus mexicanus
Iris misouriensis

Lathyrus spp.

Lathyrus arizonicus

Lathyrus graminifolius

Lathyrus leucanthus

Ligusticum porteri

Linum neomexicanum
Lithosperum multiflorum

Lithosperum spp.

Lotus wrightii

Lupinus spp.

Lupinus hillii

<1 14

<1 13

<1 13

<1 20

<1 40 <1

<1

50 <1 20

13

13

Malaxis soulei 1 57 <1 20 <1 13 <1 20

MonarOa menthafolia

Monotropa latisquama <1 14 <1 50

Oenothera spp.

Oreochrysum parryi 3 20

Osmorhiza chilensis <1 20

Osmorhiza depauperata <1 20

Oxalis spp. <i 29 <1 40 2 1

3

Oxalis Oecaphylla

Oxalis metcalfei 10 20 7 13 3 40

Oxybaphus spp.

Oxybaphus comatus 1 13

Pelleae spp.

Penstemon spp. <1 50

Penstemom barbatus <i 14

Penstemon virgatus

Perityle ciliata

Phacelia spp
Phaseolus spp.

Phaseolus parvulus <1 13

Potentilla spp. <1 20 <1 50

Potentilla hippiana

Potentilla thurberi 1 13

Potentilla visidula

Prunella vulgaris

Pseudocymopterus montanus <i 43 <1 40 <1 50 <1 75

Pteridium aquilinum <i 57 3 40 2 13 1 20

Pyrola chlorantha <i 43 <1 60

Pyrola picta

Salvia arizonica

Saxifraga <1 100 <1 13 <1 20

Scrophularia parvifolia <1 13

Senecio bigelovii

Senecio eremophilus <i 14

Senecio neomexicanus <1 25

Senecio spartiodes

Senecio wootoni <i 57 <1 40 <1 50 <1 20

Silene spp. <i 14 <1 20

Silene laciniata <i 13
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APPENDIX B: Table 2 (continued)

Type No:

No. Plots:

16

(7)

D/C CON

17 19 18 20

(5) (2) (8) (5)

D/C CON D/C CON D/C CON D/C CON

Sllene scoulerl

Sisymbrium llnearlfollum

Smllacina racemosa
Smllaclna stellata

Solldago decumbens
Solidago spp.

Solldago sparslflora

Solldago wrlghtll

Stevla spp.

Stevla plummerae
Stevla serrata

Thallctrum fendleri

Thelypodium spp
Thelypodlum wrightii

Thermopsis plnetorum

Thlaspi fendleri

Tragia ramosa
Valeriana spp.

Valeriana arizonica

Verbena bipinnatifida

Verbesina longifolia

Vicia spp.

Vicia americana
Vicia pulchella

Viguiera multiflora

Viola canadensis

Woodsia mexicana

<1

<1

14

14 <1

<1

20

20

<1 50

<1 50

<1

<1

57

29

13 40 <1 100

<1

<1

<1

<1

29

14

80

15 40

50

50

10 50

100

<1

2

<1

<1

<1

<1

1

<1

38

13

38

13

13

13

13

50

3

<1

<1

40

20

1 100

20

20

1 40

80

Type No:

No. Plots:

21

(1)

D/C CON

24 22

(2) (12)

D/C CON D/C CON

23 25

(1) (19)

D/C CON D/C CON

TREES
Abies concolor (yng. regen.)

Abies concolor (adv. regen.)

Abies concolor (mature)

Abies lasiocarpa (yng, regen.)

Acer glabrum (yng. regen.)

Acer glabrum (adv. regen.)

Acer glabrum (mature)

Acer grandidentatum (y. regen.)

Acer grandidentatum (a. regen.)

Acer grandidentatum (mature)

Acer negundo (y regen)

Acer negundo (mature)

Arbutus arizonica (y. regen.)

Arbutus arizonica (a. regen.)

Fraxinus pennsylvanica (y.reg)

Fraxinus pennsylvanica (a.reg)

Juglans major (yng. regen.)

Juglans major (adv. regen.)

Juglans major (mature)

Juniperus deppeana (y. regen.)

Juniperus deppeana (a. regen.)

Juniperus deppeana (mature)

Juniperus scopulorum (y. rg.)

Picea engelmannii (yng. regen)

Picea engelmannii (adv. regen)

Plcea engelmannii (mature)

34

10

12

100

100

100

50 25

25

100

100

100

100

100

21

5

62

5

1

21

5

26

16

5
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APPENDIX B: Table 2 (continued)

Type No: 21 24 22 23 25

No. Plots: (1) (2) (12) (1) (19)

D/C CON D/C CON D/C CON D/C CON D/C CON

Picea pungens (y. regen)

Picea pungens (a. regen)

Picea pungens (mature)

Pinus discolor (yng. regen.) 3 11

Pinus discolor (adv. regen.) 1 11

Pinus edulis (yng. regen.)

Pinus engelmannii (adv. regen) 7 5

Pinus engelmannii (mature) 1 5

Pinus ponderosa (yng. regen.) 1 100 12 100 5 63

Pinus ponderosa (adv. regen.) 7 17 4 37

Pinus ponderosa (mature) 6 17 4 32

Pinus strobiformis (yng. reg.) 16 100 13 100 5 53

Pinus strobiformis (adv. reg.) 2 100 4 67 6 21

Pinus strobiformis (mature) 2 42 3 100 2 16

Populus tremuloldes (y. reg.) 1 100 8 11

Populus tremuloides (a. reg.)

Populus tremuloides (mature) 1 50

Prunus serotina (yng. reg.)

Prunus serotina (adv. reg.)

Prunus serotina (mature)

Pseudotsuga menziesii (y. reg) 4 100 76 100 46 100 9 100 27 95

Pseudotsuga menziesii (a. reg) 11 100 12 100 12 75 16 100 10 89

Pseudotsuga menziesii (mature) 10 100 2 67 8 100 4 100

Quercus arizonlca (y. regen.)

Quercus arizonlca (a. regen.)

Quercus arizonica (mature)

Quercus chrysolepis (y. reg.) 10 11

Quercus chrysolepis (a. reg.)

Quercus chrysolepis (mature)

Quercus emoryi (y. regen.)

Quercus emoryi (a. regen.)

Quercus gambelii (y. regen.) 5 100 4 8 8 58

Quercus gambelii (a. regen.) 1 8 17 84

Quercus gambelii (mature) 1 100 3 42

Quercus hypoleucoides (y.reg.)

Quercus hypoleucoides (a. reg.) 5 5

Quercus hypoleucoides (mature)

Quercus rugosa (y. regen.) 3 16

Quercus rugosa (a. regen.) 2 16

SHRUBS
Acer glabrum <1 5

Acer grandidentatum <1 8

Acer negundo
Agave spp. <1 5

Agave parryi

Amelanchier utahensis

Amorpha fruticosa 2 1

1

Arbutus arizonica

Arctostaphylos pringlei 1 5

Baccharis thesioides <1 5

Brickellia californica <1 5

Ceanothus fendleri <1 17 <1 16

Cercocarpus montanus <1 5

Clematis columbiana <1 5

Fendlera rupicola <1 5

Fraxinusspp. 10 5

Fraxinus pennsylvanlca 4 21

Garrya wrightii <1 1

1

74



APPENDIX B: Table 2 (continued)

Type No: 21 24 22 23 25

No. Plots: (1) (2) (12) (1) (19)

D/C CON D/C CON D/C CON D/C CON D/C CON

Holodiscus dumosus <1 50 3 8 <1 21

Jamesia americana
Juglans major 1 16

Juniperus communis
Juniperus deppeana (shrubs) 4 16

Lonicera spp. <1 8

Lonicera albiflora <1 5

Lonicera arizonica <1 11

Lonicera involcrata

Lonicera utahensis

Berberis repens <1 100 <1 5

Nolina microcarpa

Pachystima myrsinites <1 5

Philadelphus microphyllus 2 8 <1 5

Populus tremuloides 1 100 2 11

Prunus spp. <1 5

Prunus emarginata

Prunus serotina ssp. virens <1 17 1 11

Ptelea angustifolia <1 50 2 26

Quercus arizonica <1 8 <1 5

Quercus chrysolepis 2 26

Quercus emoryi <1 5

Quercus gambelii <1 100 <1 17 25 100

Quercus hypoleucoides <1 32

Quercus rugosa <1 50 <1 33 4 37

Rhamnus betulaefolia <1 17 3 21

Rhamnus californica

Rhus aromatica 2 5

Rhus choriophylla <1 5

Rhus glabra

Ribes pinetotorum

Robinia neomexicana <1 100 <1 25 5 42

Rosa arizonica <1 5

Rosa woodsii <1 100 <1 5

Rubus idaeus var. strigosus

Rubus leucodermis 1 5

Rubus neomexicanus <1 100 2 21

Rubus parviflorus

Salix scouleriana

Sorbus dumosa
Symphoricarpos oreophilus <1 100 7 42

Symphoricarpos palmeri 1 5

Toxicodendron rydbergii <1 100 <1 8 2 1

1

Vaccinium myrtillus

Vitis arizonica <1 100

Yucca baccata <1 5

Yucca schottii <1 16

GRAMINOIDS
ngropyron anzomcurn 2 42 2 16

Agropyron subsecundum
Aristida spp. <1 100

Aristida orcuttiana
100Blepharoneuron tricholepls 2

Bromus spp. <1 5

Bromopsis richardsonii 2 100 <1 100 <1 58 3 100 1 53

Bromopsis porteri 7 42

Carex spp. <1 100 <1 8 <1 26
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APPENDIX B: Table 2 (continued)

Type No: 21 24 22 23 25

No. Plots: (1) (2) (12) (1) (19)

u l w con UlV U ! \* V/Vll

Cotgx brGvipGS < 1

1 7 < 1 0
PrirAy nonnh ilf"i^uica y &KJ\J\ \\\\J 1 > i

i nn
1 uu *>» 1

^9

L/UlcX iCJbbll
T
1

QO

CypGrus TGndlGrionus

Cotgx fOGHGQ < i ou

UUuiyilS y \U\ T U 1

U

^ 1

c

reSTUCu spp. < i

i nn
1 uu

rcjIULU \J\\L\J\ llutJ 0

resTuca sororiu

<1 83 <] 100 3 42

Muhlenbergia longiligula <1 8 2 26

Muhlenbergia montana 10 100
KAi 1 1-\ 1 /^n r-> t-\ s~\ r i

/"•» \ / i r /-s (* ft f>MuniGnDGiyiu virescGns 1 A
1 o l nn

1 uu

runicurn uuiuosurn o
£. 1 7

I /
•io 1 A

1 o

r Ip 1 uy II U 1 1 1 III 1 IUIIU IUI 1 1

r id iu I" 1 1u I I

U

3 50 4 68

roa pruTGnsis

oiTanion nysTrix 91

oitpu pnnyiGi 1
1

1 7 1

4

1

1

ITooSTUm bpiuvJIUiTl V, 1 1 l(Jl 1 IUI IUI T

1

CADDCr V K D 9
A hi 1 1o -i millof/"^lh imMuiilllfc?U II llllfcM UllUI 1

1

0 l 7 1 37
A /-> +o /~i nrm iMLIcU uiyuiu
Annctnrhp enAAyUOlUUIlO o\j .

<1 5

MIIIUI 1 1 oUU . <1 50

MIIIUII) UfcMIlUUIll 1

7

<1 1

1

A nH rncnro cor"\tontrinnf*ilicAM 1 U 1 UoU ^ C- oU|J 1 C 1 1 1 1 IUI HJIIj

MnTGnnuiia spp. V 1 oo

AntGnnorio orido V 1

Qo <;-| 5

AntGnnorta nGQlGCto < 1

ao T
1 21

MnTGnnaria purviioiia < i ou ^ 1

«o <] 5

An+horin im tpirrowim 1 1 1 1 i c 1
1 1_ u i 1 1 iui icyi <1 5

AquilGgio spp
A n 1 1 il^n in f^l^nnntnlnr\ u, uuc^y iu cicyu 1 1 1 uiu <1 5
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AiUDIS Spp. <1 5

MiyfiuiivJ spp. <] 8
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MiiyiTllblCJ uUHUIIW <1 1

1

MrTGiTllSIQ lUQOVICIuna < i

i nn
1

0o <1 1

1

Moiiuyuiuo spp. <1 8

DQniu aissGcia <1 5

DfcJoboyU pivJI 1 Hjyil lfc?U 8

BidGns spp.

DlUollb loiTllTlUllM

DiiuK.fc?nnj bpp. <1 5

BrickGllia bGtoniGQGfolio

tsncKeiiia Dracnypnyna <) 100 <1 5

Brickellia grandiflora <1 50 <1 26

Cacalia decomposita 1 5

Campanula rotunaifolia

Castilleja spp
Castilleja austromontana <] 11

Castilleja confusa <1 8

Castilleja integra

Cerastium nutans

Chaptalia alsophila <1 5

Cheilanthes fendlerl <1 16
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APPENDIX B: Table 2 (continued)

Type No: 21 24 22 23 25

No. Plots: (1) (2) (12) (1) (19)

D/C CON D/C CON D/C CON D/C CON D/C CON

Chenopodium spp.

Chenopodium fremontll <1 5

Chimiphila menziesii

Chimiphila umbellata

Cirsium spp. <1 25 <1 5

Cirsium parryi

Cirsium rothrockll <1 8

Cirsium wheeleri <1 5

Cirsium wrightii

Cologania longifolia <1 5

Comandra umbellata s. pallida <1 11

Conyza schiedeana
Corallorhiza spp. <1 50

Corallorhiza striata

Cosmos spp.

Cystopteris fragilis 3 1

1

Desmodium sp. <1 5

Draba sp.

Draba helleriana

Epilobium angustifolium

Erigeron spp. <1 50 < 1 17 <1 5

Erigeron caespitosus

Erigeron eximius

Erigeron formosissimus

Erigeron neomexicanus <1 8 <1 100 <1 16

Erigeron oreophllus <1 8

Erigeron platyphyllus <1 100

Erigeron rusbyi <1 17 <1 16

Erigeron speciosus <1 33 1 11

Erigeron subtrinervis

Eriogonum spp. <1 25

Eupatorium herbaceum <1 33 <1 47

Euphorbia spp. <1 25

Euphorbia brachycera
Euphorbia chamaesula
Fragaria americana
Fragaria ovalis 2 100

Galium spp. <1 50

Galium apparine

Galium asperrinum <1 100

Galium boreale

Galium fendleri <1 50

Galium microphyllum

Galium rothroekii

Galium tinctorium

Galium triflorum

Gentiana bigelovii

Geranium spp.

Geranium caespitosum

Geranium ereophilum

Geranium richardsonii 5 100

Gilia aggregata
Gilia multiflora

Gilia spp.

Gnaphalium spp.

Gnaphalium macounil
Goodyera oblongifolia

Haploppappus spp.

Hedeoma spp.

<1 11

<1 5

4 8 3 11

10 5

<1 42 1 100 1 21

3 8 2 47

<1 8 <1 26

<1 5

<1 5

2 5

<1 5

1 17 2 11

<1 21

<1 25 <1 26

<1 8

<1 5

<1 8

<1 25
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APPENDIX B: Table 2 (continued)

Type No:

No. Plots:

21

(1)

D/C CON

24

(2)

D/C CON

22

(12)

D/C CON

23

(1)

D/C CON

25

(19)

D/C CON

Hedeoma diffusum

Hedeoma hyssopifolium

Hedeoma oblongifolium

Helenium hoopesii

Heracleum sphondylium

Helianthella quinquenervis

Heuchera spp

Heuchera eastwoodiae
Heuchera parvifolia

Heuchera versicolor

Hieracium carneum
Hieracium fendleri

Hymenopappus mexicanus
Iris misouriensis

Lathyrus spp.

Lathyrus arizonicus

Lathyrus graminifolius

Lathyrus leucanthus

Ligusticum porteri

Linum neomexicanum
Lithosperum multiflorum

Lithosperum spp.

Lotus wrightii

Lupinus spp.

Lupinus hillii

Malaxis soulei

Monarda menthafolia

Monotropa latisquama

Oenothera spp.

Oreochrysum parryi

Osmorhiza chilensis

Osmorhiza depauperata
Oxalis spp.

Oxalis decaphylla

Oxalis metcalfei

Oxybaphus spp.

Oxybaphus comatus
Pelleae spp
Penstemon spp
Penstemom barbatus

Pensternon virgatus

Perityle ciliata

Phacelia spp.

Phaseolus spp.

Phaseolus parvulus

Potentilla spp.

Potentilla hippiana

Potentilla thurberi

Potentilla visidula

Prunella vulgaris

Pseudocymopterus montanus
Pteridlum aqullinum

Pyrola chlorantha

Pyrola picta

Salvia arlzonica

Saxifraga

Scrophularla parvifolia

Senecio bigelovll

Seneclo eremophilus

<1 50

<1 100

<1 50

<1 50

<1

<1

100

100

<1 50

<1

<1

100

100

<1

<1

50
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<1
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2

25
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25

25

<1 100

17

<1

<1

100

100

25

92

67

<1

<1

100
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<1

<1

<1

<1

<1

<1

1

<1

6

<1

<1

<1

2

<1

2
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<1

<1

<1

21

5

11

11

5

21

16

47

21

11

5

5

11

1

1

5

26

<1 21

<1 5

<1 11

<1 1

1

37

26

5

21

<1
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APPENDIX B: Table 2 (continued)

Type No:

No. Plots:

21

(1)

D/C CON

24

(2)

D/C CON

22

(12)

D/C CON

23

(1)

D/C CON

25

(19)

D/C CON

Senecio neomexicanus
Senecio spartiodes

Senecio wootoni

Silene spp.

Silene laciniata

Silene scouleri

Sisymbrium linearifolium

Smilaclna racemosa
Smilacina stellata

Solidago decumbens
Solidago spp.

Solidago sparsiflora

Solidago wrightli

Stevia spp.

Stevia plummerae
Stevia serrata

Thalictrum fendleri

Thelypodium spp.

Thelypodium wrightii

Thermopsis pinetorum

Thiaspi fendleri

Tragia ramosa
Valeriana spp
Valeriana arizonica

Verbena bipinnatifida

Verbesina longifolia

Vicia spp.

Vicia americana
Vicia pulchella

Viguiera multiflora

Viola canadensis

Woodsia mexicana
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5

5

1

1

11

11

11

21
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74

5

16

11

5

5

5

26

5

11

11

5

Type No:

No. Plots:

26

(2)

D/C CON

27 28 29

(6) (5) (5)

D/C CON D/C CON D/C CON

TREES
Abies concolor (yng. regen.)

Abies concolor (adv. regen.)

Abies concolor (mature)

Abies lasiocarpa (yng. regen,)

Acer glabrum (yng. regen.)

Acer glabrum (adv. regen.)

Acer glabrum (mature)

Acer granaidentatum (y. regen.)

Acer grandidentatum (a. regen.)

Acer granaidentatum (mature)

Acer negundo (y regen)

Acer negundo (mature)

Arbutus arizonica (y. regen.)

Arbutus arizonica (a. regen.)

Fraxinus pennsylvanica (y.reg)

Fraxinus pennsylvanica (a.reg)

Juglans major (yng. regen.)

Juglans major (adv. regen.)

Juglans major (mature)

Juniperus deppeana (y. regen.)

Juniperus deppeana (a. regen.)

52

20

1

2

17

1

100

100

50

50

50

50

50

2 40

20

20

33

33 60

40

28

4

80

40
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APPENDIX B: Table 2 (continued)

Type No: 26 27 28 29

No. Plots: (2) (6) (5) (5)

D/C CON D/C CON D/C CON D/C CON
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80



APPENDIX B: Table 2 (continued)

Type No: 26 27 28 29

No. Plots: (2) (6) (5) (5)

G

D/C CON D/C CON D/C CON D/C CON

Clematis columbiana
Fendlera ruplcola

Fraxlnus spp.

Fraxinus pennsylvanica 2 100

Garrya wrightii <1 100 <1 33 <1 60 <1 40

Holodiscus dumosus 2 50 <1 17

Jamesla americana
Juglans major <1 33 <1 20

Juniperus communis
Juniperus deppeana (shrubs) <1 80

Lonicera spp. <1 20

Lonicera albiflora

Lonicera arizonica 3 100

Lonicera Involcrata

Lonicera utahensis

Berberls repens 1 50

Nolina mlcrocarpa <1 50 <1 20

Pachystlma myrslnltes 1 1 7 <1 40

Phlladelphus mlcrophyllus

Populus tremuloldes

Prunus spp.

Prunus emarglnata

Prunus serotlna ssp. vlrens 2 50 2 33 <1 20

Ptelea angustlfolla 3 50 <1 1

7

Quercus arizonica 15 50 3 1 7 1

6

ahOU on l nn

Quercus chrysolepls 5 100 1

5

1 7 < 1 zU

Quercus emoryl 3 60

Quercus gambelll 2 50 5 80 <1 40

Quercus hypoleucoldes 1 50 3 83 26 i nn
1 00

Quercus rugosa 5 100 28 100 4 on80

Rhamnus betulaefolla 3 50 <1
en50

Rhamnus callfornlca
^ i on< 1

Rhus aromatlca <1 50 1 33 2 20

Rhus chorlophylla

Rhus glabra

Rlbes plnetotorum

Roblnla neomexicana 2 50 <1 1 7 <1 40

Rosa arizonica

Rosa woodsll

Rubus Idaeus var, strlgosus

Rubus leucodermls

Rubus neomexlcanus 5 50

Rubus parvlflorus

Sallx scoulerlana

Sambucus melancarpa
Sorbus dumosa
Symphoricarpos oreophllus 3

cn50 < l 1 / < I

on

Symphorlcarpos palmerl

Toxicodendron rydbergil <1 1 7

Vacclnlum myrtlllus

Vltls arizonica <1 50 <1 17

Yucca baccata
Yucca schottll <1 33 1 20

RAMINOIDS
Agropyron arizonlcum <1 20

Agropyron subsecundum <1 50

Aristlda spp. <1 20

Arlstlda orcuttlana <1 20
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APPENDIX B: Table 2 (continued)

Type No:

No. Plots:

26

(2)

D/C CON

27

(6)

D/C CON

28

(5)

D/C CON

29

(5)

D/C CON

Blepharoneuron tricholepis

Bromus spp.

<1 20

Bromopsis richardsonii <1 100 <1 50 <1 20

Bromopsis porteri <1 40

Carex spp. <1 20

Carex brevipes 2 40

Carex geophila <1 50 <1 60 <1 60

Carex rossii <1 20

Cyperus fendlerianus <1 20

Carex foenea
Dactylis glomerata

Festuca spp.

Festuca arizonica

Festuca sororia

Koeleria pyramidata <1 67 <1 80 2 40

Muhlenbergia longiligula <1 50 22 60 1 100

Muhlenbergia montana <1 17

Muhlenbergia virescens <1 17 <1 40

Panicum bulbosum <1 50 <1 33 2 20

Piptochaetium fimbriatum <1 20

Poa fendleriana 25 50 2 33 <1 40 <1 80

Poa pratensis

Sitanion hystrix <1 40 <1 60

Stipa pringlei <1 20

Tresetum spicatum v. montanum

FORBS
Achillea millefolium

Actea arguta

Agastache sp.

Allium spp.

Allium cernuum
Androsace septentrionalis

Antennaria spp.

Antennaria arida

Antennaria neglecta

Antennaria parvifolia

Anthericum torreyi

Aauilegia spp
Aquilegia elegantula

Aquilegia chrysantha

Arabis spp.

Arenaria spp.

Arenaria lanuginosa

Artemisia carruthii

Artemisia ludoviciana

Astragulus spp
Bahla dissecta

Besseya plantaginea

Bldens spp.

Bldens lemmonll

Brlckellla spp.

Brlckellla betonleaefolla

Brlckellla brachyphylla

Brlckellla grandlflora

Cacalla decomposlta
Campanula rotundlfolla

Castllleja spp
Castllleja austromontana

<1

<1

<1

17

17

33

<1

<1

<1 17

<1

<1

100

<1

<1

<1

17

33

33

20

20

40

20

40

<1 20
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APPENDIX B: Table 2 (continued)

Type No: 26 27 28 29

No. Plots: (2) (6) (5) (5)

D/C CON D/C CON D/C CON D/C CON

Castilleja confusa

Castilleja integra <1 17

Cerastium nutans

Chaptalia alsophila

Cheilanthes fendleri <1 40 <1 20

Chenopodium spp. <1 40

Chenopodium fremontii

Chimiphila menziesii <1 17

Chimiphila umbellata

Cirsium spp. <1 20

Cirsium parryi

Cirsium rothrockii

Cirsium wheeleri

Cirsium wrightii

Cologania longifolia <1 20

Comandra umbellata s. pallida 1 60 <1 80

Conyza schiedeana
Corallorhiza spp.

Corallorhiza striata

Cosmos spp. <1 20

Cystopteris fragilis <1 50 <1 20

Desmodium sp. <1 20

Draba sp.

Draba helleriana <1 1

7

Epilobium angustifolium

En

En

Erigeron eximius

Erigeron formosissimus

Erigeron neomexicanus <1 50 <1 40

Erigeron oreophilus <1 17

Erigeron platyphyllus

Erigeron rusbyi

Erigeron speciosus

Erigeron subtrinervis

Eriogonum spp. <1 20

Eupatorium herbaceum <1 50 <1 40

Euphorbia spp.

geron spp. <1 17 <1 40 <1 20

geron caespitosus

Euphorbia brachycera

Euphorbia chamaesula
Fragaria americana
Fragaria ovalis

Gal

Gal

um asperrinum 2 100Gal

Gal

Gal

Gal

Gal

Gal

Gal

um spp.

um apparine <1 17

um boreale

um fendleri <1 17

um microphyllum

um rothroekii

um tinctorium <1 50

um triflorum <1 20

Gentiana bigelovii

Geranium spp.

Geranium caespitosum <1 50 <1 17 <1 20

Geranium ereophilum <1 20

Geranium richardsonii

Gilia aggregata
Gilia multiflora

Gilia spp. <1 20
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APPENDIX B: Table 2 (continued)

Type No:

No. Plots:

26

(2)

D/C CON

27

(6)

D/C CON

28

(5)

D/C CON

29

(5)

D/C CON

Gnaphalium spp
Gnaphalium macounii

Goodyera oblongifolia

Haploppappus spp.

Hedeoma spp.

Hedeoma diffusum

Hedeoma hyssopifolium

Hedeoma oblongifolium

Helenium hoopesii

Heracleum sphondylium

Helianthella quinquenervis

Heuchera spp.

Heuchera eastwoodiae
Heuchera parvifolia

Heuchera versicolor

Hieracium carneum
Hieracium fendleri

Hymenopappus mexicanus

Iris misouriensis

Lathyrus spp.

Lathyrus arizonicus

Lathyrus graminifolius

Lathyrus leucanthus

Ligusticum porteri

Linum neomexicanum
Lithosperum multiflorum

Lithosperum spp.

Lotus wrightii

Lupinus spp.

Lupinus hillii

Malaxis soulei

Monarda menthafolia

Monotropa latisquama

Oenothera spp.

Oreochrysum parryi

Osmorhiza chilensis

Osmorhiza depauperata
Oxalis spp.

Oxalis decaphylla

Oxalis metcalfei

Oxybaphus spp.

Oxybaphus comatus
Pelleae spp.

Penstemon spp
Penstemom barbatus

Penstemon virgatus

Perityle ciliata

Phacelia spp
Phaseolus spp.

Phaseolus parvulus

Potentilla spp.

Potentilla hippiana

Potentilla thurberi

Potentilla visidula

Prunella vulgaris

Pseudocymopterus montanus
Pteridium aquilinum

Pyrola chlorantha

Pyrola picta

<1 50

<1

<1

<1

<1

<1

<1

<1

<1 50 <1

<1

<1

<1

<1

<1 33 <1

<1

67 <1

17

17 <1

17

20

20

<1

<1

20

20

20

<1 20

50

17

33

<1

<1

<1

20

20

20

<1

1

<1

20

20

20

17

17

17

17

17

<1

<1

<1

<1

<1

40

20

40

20

20

<1 20

20 <1 60
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APPENDIX B: Table 2 (continued)

Type No: 26 27 28 29
No. Plots: (2) (6) (5) (5)

D/C CON D/C CON D/C CON D/C CON

Salvia arizonica

Saxifraga <1 20
Scrophularia parvifolia

Senecio bigelovii

Senecio eremophilus <1 20
Senecio neomexicanus <1 50 <1 40 <1 40

Senecio spartiodes

Senecio wootoni

Silene spp. <1 20

Silene laciniata <i 20

Silene scouleri

Sisymbrium linearifolium <1 20

Smilacina racemosa
Smilacina stellata

Solidago decumbens
Solidago spp. <1 17 2 40
Solidago sparsiflora <1 50 <1 40

Solidago wrightii <1 17 1 20

Stevia spp.

Stevia plummerae
Stevia serrata

Thalictrum fendleri <1 50 <1 67 <1 40 <1 40

Thelypodium spp
Thelypodium wrightii

Thermopsis pinetorum

Thlaspi fendleri

Tragia ramosa
Valeriana spp. <1 17

Valeriana arizonica

Verbena bipinnatifida <1 20
Verbesina longifolia <1 20

Vicia spp.

Vicia americana <1 50 <1 33

Vicia pulchella

Viguiera multiflora <1 50

Viola canadensis

Woodsia mexicana
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Table 3. Species average density (D) or cover (C) and constancy (CON) for the Pinus ponderosa series.

Type No. 30=Pinus ponderosa/Festuca arizonica HT

Type No. 31 =Pinus ponderosa/Muhlenbergia virescens HT

Type No. 32=Pinus ponderosa/Muhlenbergia montana HT

Type No. 33a=Pinus ponderosa/Quercus gambelii HT Quercus gambelii PH

Type No. 34a=Pinus ponderosa/Bouteloua gracilis HT Bouteloua gracilis PH

Type No. 33c=Pinus ponderosa/Quercus gambelii HT Pinus edulis PH

Type No. 33b=Pinus ponderosa/Quercus gambelii HT Muhlenbergia longiliga PH

Type No. 33d=Pinus ponderosa/Quercus gambelii HT Bouteloua gracilis PH

Type No. 34b=Pinus ponderosa/Bouteloua gracilis HT Artemisia tridentata PH

No. — rii iuj fuciuou,' juyiu io 1 1 1 ^

—

j j '

—
'

r 1 1

1

Type No. 36=Pinus ponderosa/Acer grandidentatum HT

Type No. 37=Pinus ponderosa/Quercus rugosa HT

Type No. 38=Pinus ponderosa/Quercus hypoleucoides HT

Type No. 39=Pinus ponderosa/Quercus arizonica HT

Type No. 39bPinus ponderosa/Quercus arizonica HT Bouteloua gracilis PH

Type No. 40=Pinus ponderosa/Quercus emoryi HT

Type No. 41=Pinus ponderosa/Arctostaphylos pungens ct

Type No: 30 31 32 33a 34a

No. Plots: (1) (12) (3) (9) (3)

D/C CON D/C CON D/C CON D/C CON D/C CON

TREES
Abies concolor (yng. regen.)

Abies concolor (adv. regen.)

Acer grandidentatum (y. regen.)

Acer grandidentatum (a. regen.)

Acer negundo (mature)

Alnus oblongifolia (mature)

Arbutus arizonica (y. regen.)

Arbutus arizonica (a. regen.)

Arbutus arizonica (mature)

Fraxinus pennsylvanica (y.reg)

Fraxinus pennsylvanica (a.reg)

Fraxinus pennsylvanica (matur)

Juglans major (yng. regen.)

Juglans major (adv. regen.)

Juglans major (mature)

Juniperus deppeana (y. regen.)

Juniperus deppeana (a. regen.)

Juniperus deppeana (mature)

Juniperus osteosperma (y. rg.)

Juniperus osteosperma (ad.rg.)

Juniperus scopulorum (y, rg.)

Juniperus scopulorum (adv.rg.)

Picea engelmannii (yng. regen)

Pinus discolor (yng. regen.)

Pinus discolor (adv. regen.)

Pinus edulis (yng. regen.)

Pinus edulis (adv. regen.)

Pinus engelmannii (yng. regen)

Pinus engelmannii (adv. regen)

Pinus engelmannii (mature)

Pinus leiophylla (yng. regen.)

Pinus leiophylla (adv. regen.)

Pinus leiophylla (mature)

Pinus monophylla (yng. reg.)

Pinus monophylla (mature)

Pinus ponderosa (yng. regen.) 37 100

Pinus ponderosa (adv. regen.) 1 100

Pinus ponderosa (mature) 9 100

Pinus strobiformis (yng. reg.)

Pinus strobiformis (adv. reg.)

4 33

2 50 10 100 26 22 8 67

1 17 8 22 15 67

1 8 3 33 2 11 1 33

5 67

3 67

1 33

1 8

2 8 5 33

2 33

6 8 8 33 4 11 29 67

1 33 3 67

28 92 11 67 14 67 28 100

12 50 27 33 19 56 12 100

8 42 4 33 8 56 3 100

6 58 3 33 17 22

2 33 5 22
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Appendix B: Table 3 (continued)

Type No:

No. Plots:

30

(1)

D/C CON

31

(12)

D/C CON

32

(3)

D/C CON

33a

(9)

D/C CON

34a

(3)

D/C CON

Pinus stroblformis (mature)

Populus tremuloides (y. reg.)

Pseudotsuga menziesii (y. reg)

Pseudotsuga menziesii (a. reg)

Pseudotsuga menziesii (mature)

Quercus arizonica (y. regen.)

Quercus arizonica (a. regen.)

Quercus arizonica (mature)

Quercus chrysolepis (y. reg.)

Quercus chrysolepis (a. reg.)

Quercus emoryi (y. regen.)

Quercus emoryi (a. regen.)

Quercus emoryi (mature)

Quercus gambelii (y. regen.)

Quercus gambelii (a. regen.)

Quercus gambelii (mature)

Quercus hypoleucoides (y.reg.)

Quercus hypoleucoides (a. reg.)

Quercus hypoleucoides (mature)

Quercus rugosa (y. regen.)

Quercus rugosa (a. regen.)

Quercus rugosa (mature)

SHRUBS
Acer grandidentatum

Agave spp.

Agave chrysantha

Agave palmeri

Agave parryi

Amelanchier oreophila

Amorpha fruticosa

Apocynum androsaemifolium

Arbutus arizonica

Arctostaphylos pringlei

Arctostaphylos pungens
Artemisia tridentata

Baccharis thesioides

Brickellia californica

Carphochaete bigelovii

Ceanothus fendleri

Ceanothus greggii

Cercocarpus montanus
Cowania mexlcana
Fallugia paradoxa
Fraxinus pennsyivanica

Garrya flavescens

Garrya wrlghtil

Gutlrrezla lucida

Holodlscus dumosus
Hymenoxys rlchardsonll

Hymenoxys rusbyl

Lonlcera spp.

Lonlcera alblflora

Lonlcera arizonica

Berberls repens

Mimosa blunclfera

Nollna mlcrocarpa

Opuntla spp.

Opuntla plumbea

100

<1

<1

<1

1 33

33

25 22

17

25

8

8

8

8

8

8

1

11

33

89

11

6

3

78

33

78

11

11

67

<1

<1

33

33

50 <1 22

<1

<1

33

67

33 11

<1 33

<1 100
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Appendix B: Table 3 (continued)

Type No: 30 31 32 33a 34a

No. Plots: (1) (12) (3) (9) (3)

D/C CON D/C CON D/C CON D/C CON D/C CON

Opuntia spinosior

Opuntia whiplei

Prunus serotina ssp. virens

Prunus virginiana

Ptelea angustifolia

Quercus arizonica

Quercus chrysolepis

Quercus emoryi

Quercus gambelii

Quercus hypoleucoides

Quercus rugosa

Quercus turbinella

Rhamnus betulaefolia

Rhamnus crocea
Rhus aromatica

Ribes cereum
Roblnia neomexicana
Rosa arizonica

Rosa woodsii

Rubus neomexicanus
Sallx pseudocordata
Symphoricarpos oreophllus

Symphorlcarpos parlshll

Symphoricarpos rotundlfollus

Toxicodendron rydbergll

Vltls arizonica

Yucca baccata
Yucca schottll

<1

4

2

3

<1

100 <1

25

42

42

33

<1

2

33

33

<1 33

<1

<1

<1

<]

19

<1

3

1

<1

11

22

22

11

100

22

11

56

11

44

<1 11

11

<1 33

<1

<1

100

33

67

GRAMINOIDS
Agropyron spp. 4 33

Agropyron arlzonlcum

Agropyron subsecundum
Schlzachyrlum spp.

Schlzachyrlum clrratum <1 8 2 33

Arlstlda spp.

Arlstlda fendlerlana <1 67

Aristlda orcuttlana <1 33

Blepharoneuron trlcholepls <1 100 <1 25 <1 67 <1 11

Bouteloua curtlpendula <1 33

Bouteloua gracilis 9 33 9 100

Bromus spp.

Bromus tectorum

Bromopsls richardsonll <1 100 <1 42 <1 33 4 22

Bromopsls porterl 5 17 1 33 8 22

Carex spp. 5 100 4 25 1 44 1 33

Carex geophila 4 42 4 67 8 78 <1 33

Carex hoodll

Carex rossii 1 33

Cyperus spp.

Cyperus fendlerianus <1 67

Cyperus rusbyl <1 11

Dactylls glomerata

Festuca arizonica 40 100 <1 11

Koeleria pyramidata <1 100 <1 42 3 100 2 44 <1 67

Lycurus phleoides

Muhlenbergla spp
Muhlenbergla emersleyi

Muhlenbergla fragilis
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Appendix B: Table 3 (continued)

Type No:

No. Plots:

30

(1)

31

(12)

32

(3)

33a

(9)

D/C CON D/C CON D/C CON D/C CON

2 42 <1 33 <1 11

<1 25 15 100 <1 11

21 100 2 22

<1 8

1 11

<1 42 <1 33 <1 56

1 oo

< 1

OK < 1 0/ 1

7ft

<1 8

<1 n
<1 42 2 67 1 n

35 8 <1 22

<1 11

<1 8

<1 8 <1 11

< i

OO

< i

1

1

1 1

< 1

OKZD < 1 < i 00

<1 8 <1 33 <1 22

<1 8 <1 33 <1 11

0 1 1

<1 8

8

< i i i

<1 8

<1 8 <1 33

<1 11

<1 8

<1 8

<1 11 <] 33

<1 8

34a

(3)

D/C CON

Muhlenbergia glauca
Muhlenbergia longiligula

Muhlenbergia montana
Muhlenbergia racemisa

Muhlenbergia virescens

Panicum bulbosum
Plptochaetium fimbriatum

Poa spp.

Poa fendleriana

Poa pratensis

Schizacharium scoparium

Setaria grisebachii

Sitanion hystrix

Sporobolus spp.

Sporobolus interruptus

Stipa columbiana
Stipa comata
Stipa pringlei

Stipa spp.

FO R BS
Achillea millefolium

Agoserls spp
Amaranthus spp.

Ambrosia psilostachya

Antennarla spp.

Antennarla neglecta

Antennarla parvlfolla

Antennarla rosulata

Antherlcum torreyl

Arabls spp.

Arenarla spp.

Arenarla eastwoodlae
Arenarla lanuginosa

Artemisia carruthii

Artemisia dracunculoides

Artemisia ludoviclana

Ascleplas spp
Astragulus spp.

Astragalus cobrensls

Astragalus hallll

Astragulus humlstratus

Astragalus recurvus

Astragalus tephrodes

Aster blgelovii

Aster commutatus
Aster exllls

Bahla dissecta

Bldens herterosperma

Bldens lemmonll

Brlckellla spp.

Brlckellia betonieaefolla

Brlckellia brachyphylla

Brlckellia fendleri

Bric<ellla grandiflora

Cacalia decomposita
Calliandra humilis

Calliandra reticulata

Castilleja spp

<l

2

<1

100

100

100

100

100

<1 100

<1

<1

<1

<1

67

67

33

<1 33

<1 33

<1 33

67

<1 33
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Appendix B: Table 3 (continued)

Type No: 30 31 32 33a 34a
No. Plots: (1) (12) (3) (9) (3)

D/C CON D/C CON D/C CON D/C CON D/C CON

Castilleja austromontana <1 11

Castilleja integra

Castilleja linariafolia

Cerastium spp
Chamaesaracha coronopus
Cheilanthes fendleri <1 11

Chenopodium incisum

Cirsium spp. <1 25

Cirsium arizonicum <1 8

Cirsium wheeleri <1 8

Cirsium wrightii <1 100 <1 17 <1 33

Cologania longifolia 1 25 <1 33 <1 22

Cologania pulchella <1 8

Cologania spp.

Comandra umbellata s. pallida <1 33

Commelina spp. <1 11

Commelina dianthifolia 1 33 <1 11 <1 33

Commelina erecta <1 11

Corallorhiza striata <1 8

Cystopteris fragilis

Desmanthus cooleyi

Desmodium sp. <1 8

Desmodium batocaulon

Desmodium grahami
Desmodium rosei <1 8

Draba helleriana

Drymaria tenella <1 8

Echinocactus spp.

Echinocereus spp.

Epilobium paniculatum

Erigeron spp.

Erigeron caespitosus

Erigeron divergens <1 100 <1 17 <1 67

Erigeron flagellars <1 33 <1 11

Erigeron formosissimus <1 8

Erigeron neomexicanus <1 50 <1 33 <1 33

Erigeron nudiflorus 1 67

Erigeron oreophilus

Erigeron rusbyi <1 17

Erigeron speciosus

Eriogonum spp.

Eriogonum alatum <1 100

Eriogonum racemosum <1 22 <1 33

Euphorbia spp. <1 100 <1 8 <1 11 <1 33

Euphorbia brachycera <1 8

Euphorbia chamaesula <1 8

Euphorbia palmeri

Fragaria amerlcana <1 8

Galactia wrightii <1 8

Galium spp.

Galium asperrinum 1 17 <1 11

Galium fendleri <1 8 <1 22

Galium mlcrophyllum

Galium rothroekil

Galium wrightii

Gaura gracilis <1 33

Geranium caespltosum <1 25 <1 33 <1 33 <1 33

Geranium ereophllum <1 33 <1 33

Geranium rlchardsonll <1 8 <1 11
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Appendix B: Table 3 (continued)

Type No: 30 31 32 33a 34a

No. Plots: (1) (12) (3) (9) (3)

D/C CON D/C CON D/C CON D/C CON D/C CON

Gilia aggregata
Gilia multiflora

Gilia polyantha

Gilia spp.

Gnaphalium spp
Gnaphalium arizonlcum

Gnaphalium macounil

Gnaphalium pringlei

Gnaphalium wrightii

Haploppappus spp.

Heaeoma spp.

Heaeoma dentatum
Heaeoma hyssopifolium

Hedeoma oblongifolium

Hedyotis pygmaea
Heliopsis parvifolia

Heterotheca fulcrata

Heuchera parvifolia

Hieracium spp.

Hieracium carneum
Hieracium fendleri

Hymenopappus filifolius lugens

Hymenothrix wrightii

Ipomea spp.

Ipomoea coccinea
Kuhnia rosmarinifolia

Lathyrus spp.

Lathyrus arizonicus

Lathyrus graminifolius

Lathyrus leucanthus

Lepedium spp
Lepedium deslflorum

Lepidium medium
Lesguerella intermedia

Leucelene ericoides

Linum aristatum

Linum lewisia

Linum neomexicanum
Linum puberlum
Linum spp.

Lithosperum incisum

Lithosperum multiflorum

Lotus wrightii

Lotus spp.

Lupinus spp.

Lupinus argenteus

Lupinus blumeri

Lupinus hillil

Lupinus kingsii

Lupinus palmeri

Machaeranthera gracilis

Malaxis soulei

Mamalaria spp.

Mamalaria arlzonica

Melilotus officinalis

Mirablis pumila

Monarda spp
Monarda menthafolia

Monarda pectinata

<1 33

<1

<1

<1

<1

<1

<1

<1

<1

1

<1

<1

<1

17

8

8

8

58

8

8

83

<1

<1

33

33

<1 11

8

17

<1

<1

<1

33

33

67

<1

<1

<1

<1

<1

<1

11

11

44

<1

11

11

11

<1

33

67

<1

<1

33

<i

<i

<i

33

33

33

33

33

<1 8

<1 17 <1 33 <1 11 <1 33

<1 11 <1 33

2 33

<1 33 <1 11

<1

<1

33

33

<1
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Appendix B: Table 3 (continued)

Type No: 30 31 32 33a 34a

No. Plots: (1) (12) (3) (9) (3)

D/C CON D/C CON D/C CON D/C CON D/C CON

Monotropa hypopitys

Oenothera spp.

Osmorhiza chilensis

Oxalis decaphylla

Oxalis greyi

Oxalis metcalfei

OxyPaphus spp.

OxyPaphus comatus
Pedicularis spp.

Pelleae spp

Pelleae atropurpurea

Pellaea wrightiana

Pennelia micrantha

Penstemon spp.

Penstemom ParPatus

Penstemon linariodes

Penstemon oligonathus

Penstemom pseudospectaPilis

Penstemon virgatus

Perityle ciliata

Phacelia spp

Phacelia heterophylla

Phaseolus spp.

Phaseolus wrightii

Phlox amaPilis

Plantago patagonica
Plummera floriPunda

Polemonium spp
Polygala alPa

Polygala longa

Polygonum sawatchense
Potentilla spp.

Potentilla hippiana

Potentilla suPviscosa

Potentilla visidula

Pseudocymopterus montanus
Psoralea tenuiflora

Pteridium aquilinum

Pterospora andromedea
Pyrola picta

Salvia arizonica

Saxifraga eriophora

Scrophularia parvifolia

Sedum griffthsii

Senecio eremophilus

Senecio multiloPatus

Senecio neomexicanus
Senecio spartiodes

Senecio wootoni

Silene laciniata

Silene scouleri

SisymPrium linearifolium

Smilacina stellata

Solidago spp.

Solidago missouriensis

Solidago sparsiflora

Solidago wrightii

Sphaeralcea spp
Sphaeralcea fendleri

<1

<1

2

100

100

100

<1

<1

100

100

<1

<1

<1

<1

2

<1

<1

<1

<1

<1

<1

<1

<1

1

<1

<1

<1

11

33

<1

<1 8

<1 8

<1 33

1 33

8

67

33

<1

<1

<1

33

33

33

42

25

17

8

8

8

8

25

42

<1

1

<1

<1

33

33

1

1

1

1

33

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

2

<1

11

11

11

1

1

1

1

1

1

22

11

1

1

1

1

1

1

1

1

22

33

67

1

1

<1 33

<1 22 <1 33

<1 67

<1 67

<1

<1

<1

33

33

33

<1

<1

100
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Appendix B: Table 3 (continued)

Type No:

No. Plots:

30

(1)

D/C CON

31 32 33a 34a

(12) (3) (9) (3)

D/C CON D/C CON D/C CON D/C CON

Stevia spp.

Stevia plummerae
Stevia serrata

Stelarla jamesiana

Taraxacum officinale

Thalictrum fendleri

Thelypodium longifollum

Thermopsis pinetorum

Townsendia exscapa
Tragia ramosa
Tragopogon pratensls

Trifolium pinetorum

Verbascum thapsus

Verbena spp
Verbena bipinnatifida

Vicia spp.

Vicia americana
Vicia pulchella

Viguiera annua
Viguiera multiflora

Viola canadensis

Woodsia mexicana

100

<1 100

<1 100

1

1

<1

<1

2

<1

<1

<1

<1

<1 67

<1

<1

<1

33

<1

<1

<1

<1

11

11

22

1

1

11

33

11

1

1

<1

<1

<1

<1

33

33

33

33

Type No:

No. Plots:

33c

(6)

D/C CON

33b 33d 34b 35

(4) (12) (1) (4)

D/C CON D/C CON D/C CON D/C CON

TREES
Abies concolor (yng. regen.)

Abies concolor (adv. regen.)

Acer grandidentatum (y. regen.)

Acer grandidentatum (a. regen.)

Acer negundo (mature)

Alnus oblongifolia (mature)

Arbutus arizonica (y. regen.)

Arbutus arizonica (a. regen.)

Arbutus arizonica (mature)

Fraxinus pennsylvanica (y.reg)

Fraxinus pennsylvanica (a.reg)

Fraxinus pennsylvanica (matur)

Juglans major (yng. regen.)

Juglans major (adv. regen.)

Juglans major (mature)

Junlperus deppeana (y. regen.)

Junlperus deppeana (a. regen.)

Junlperus deppeana (mature)

Juniperus osteosperma (y. rg.)

Junlperus osteosperma (ad.rg.)

Junlperus scopulorum (y. rg.)

Junlperus scopulorum (adv.rg.)

Plcea engelmannll (yng. regen)

Plnus discolor (yng. regen.)

Pinus discolor (adv. regen.)

Plnus edulls (yng. regen.)

Plnus edulls (adv, regen,)

Plnus engelmannll (yng. regen)

Plnus engelmannll (adv. regen)

Plnus engelmannll (mature)

Plnus lelophylla (yng. regen.)

25

25

15

11

10

3

33

33

67

67

16

10

75

50

23

9

2

3

42

42

8

8 100

13

1

83

17

25 100

10
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1
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75
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75

50

50

25
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Appendix B: Table 3 (continued)

Type No:

No. Plots:

33c

(6)

D/C CON

33b

(4)

D/C CON

33d

(12)

D/C CON

34b

0)
D/C CON

35

(4)

D/C CON

Pinus leiophylla (adv. regen.)

Plnus leiophylla (mature)

Pinus monophylla (yng. reg.)

Pinus monophylla (mature)

Plnus ponderosa (yng. regen.)

Pinus ponderosa (adv. regen.)

Plnus ponderosa (mature)

Pinus strobiformis (yng. reg.)

Pinus strobiformis (adv. reg.)

Pinus strobiformis (mature)

Populus tremuloldes (y. reg.)

Pseudotsuga menziesii (y. reg)

Pseudotsuga menziesii (a. reg)

Pseudotsuga menziesii (mature)

Quercus arizonica (y. regen.)

Quercus arizonica (a. regen.)

Quercus arizonica (mature)

Quercus chrysolepls (y. reg.)

Quercus chrysolepls (a. reg.)

Quercus emoryl (y. regen.)

Quercus emoryi (a. regen.)

Quercus emoryl (mature)

Quercus gambelii (y. regen.)

Quercus gambelii (a. regen.)

Quercus gambelii (mature)

Quercus hypoleucoldes (y.reg.)

Quercus hypoleucoldes (a. reg.)

Quercus hypoleucoldes (mature)

Quercus rugosa (y. regen.)

Quercus rugosa (a. regen.)

Quercus rugosa (mature)

SHRUBS
Acer grandidentatum
Agave spp.

Agave chrysantha

Agave palmerl

Agave parryl

Amelanchler oreophlla

Amorpha frutlcosa

Apocynum androsaemlfollum

Arbutus arizonica

Arctostaphylos prlnglel

Arctostaphylos pungens
Artemisia tridentata

Baccharls thesloldes

Brlckellla callfornlca

Carphochaete blgelovll

Ceanothus fendleri

Ceanothus greggll

Cercocarpus montanus
Cowania mexlcana
Fallugla paradoxa
Fraxinus pennsylvanlca

Garrya flavescens

Garrya wrlghtli

Gutlrrezia luclda

Holodlscus dumosus
Hymenoxys rlchardsonii

42

14

5

17

83

83

83

23 75 38 100 50 100 4 75

11 100 5 92 4 100 13 100

8 100 6 100 6 100 9 100

25

25

25

25

14

9

1

67 22 50 1 25

83 19 100 8 75 1 100

17 1 75 1 8 4 25

25

<1 17 <1 25

<1 100 <1

100

2

<1

<1

<1

<1

67

17

50

17

33

<1

<1

25

50

<1 50

<1 17

<1 100
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Appendix B: Table 3 (continued)

Type No: 33c 33b 33d 34b 35

No. Plots: (6) (4) (12) (1) (4)

D/C CON D/C CON D/C CON D/C CON D/C CON

Hymenoxys rusbyl

Lonlcera spp.

Lonlcera alblflora

Lonlcera arlzonlca

Berberis repens

Mimosa blunclfera

Nollna mlcrocarpa

Opuntla spp.

Opuntia plumbea
Opuntla splnoslor

Opuntla whlplel

Prunus serotlna ssp. vlrens

Prunus vlrglnlana

Ptelea angustifolla

Quercus arizonlca

Quercus chrysolepis

Quercus emoryi

Quercus gambelll

Quercus hypoleucoldes

Quercus rugosa

Quercus turbinella

Rhamnus betulaefolia

Rhamnus crocea
Rhus aromatica
Ribes cereum
Robinia neomexicana
Rosa arizonlca

Rosa woodsii

Rubus neomexicanus
Salix pseudocordata
Symphoricarpos oreophilus

Symphoricarpos parishli

Symphoricarpos rotundlfolius

Toxicodendron rydbergii

Vitis arizonica

Yucca baccata
Yucca schottii

<1 17 <1 17

<1

<1

17

50 <1 33

100

50

17

<1 100

<1 25

25 100

<1 17

11 100 100

<1 25

17

<1

15
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5

2

<1

<1

<1

25

50

25

50

50

25

25

25

75

GRAMINOIDS
Agropyron spp
Agropyron arlzonlcum

Agropyron subsecundum
Schizachyrium spp.

Schizachyrium cirratum

Aristida spp.

Aristida fendleriana

Aristida orcuttiana

Blepharoneuron tricholepls

Bouteloua curtipendula

Bouteloua gracilis

Bromus spp.

Bromus tectorum

Bromopsis richardsonii

Bromopsis porteri

Carex spp.

Carex geophila

Carex hoodii

Carex rossii

Cyperus spp.

<1

2

20

<1

<1
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50
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17

17

83

<1

<1

<1

<1

<1

<1

<1
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<1

1
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<1

1

17

8
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25
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<1 50
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Appendix B: Table 3 (continued)

Type No: 33c 33b 33d 34b 35

No. Plots: (6) (4) (12) (1) (4)

D/C CON D/C CON D/C CON D/C CON D/C CON

Cyperus fendlerianus

Cyperus rusPyi

Dactylis glomerata

Festuca arizonica

Koeleria pyramidata

Lycurus phleoides

Muhlenbergia spp
Muhlenbergia emersleyl

Muhlenbergia fragills

Muhlenbergia glauca
Muhlenbergia longiligula

Muhlenbergia montana
Muhlenbergia racemisa

Muhlenbergia virescens

Panicum bulbosum
Piptochaetium fimbriatum

Poa spp
Poa fendleriana

Poa pratensis

Schizacharium scoparium

Setaria grisebachii

Sitanion hystrix

Sporobolus spp.

Sporobolus interruptus

Stipa columbiana
Stipa comata
Stipa pringlei

Stipa spp.

<1 25

<1

<1 25

17 <1 50

<1 17

<1

<1

67

17

8 100

25

100 <1 100

<1 25

<1

<1

<1

100

25

25

<1

<1

<1

4

17

33

92

100

25

100

<1 25

-<1 25

3 75

<1 25

15 25

<1

<1

50

50

F O R B S

Achillea millefolium

Agoseris spp
Amaranthus spp.

Ambrosia psilostachya

Antennaria spp.

Antennaria neglecta

Antennaria parvifolia

Antennaria rosulata

Anthericum torreyi

Arabis spp.

Arenaria spp.

Arenaria eastwoodiae
Arenaria lanuginosa

Artemisia carruthii

Artemisia dracunculoides

Artemisia ludoviciana

Asclepias spp.

Astragulus spp.

Astragalus cobrensis

Astragalus hallii

Astragulus humistratus

Astragalus recurvus

Astragalus tephrodes

Aster bigelovii

Aster commutatus
Aster exilis

Bahia dissecta

Bidens herterosperma

Bidens lemmonii

<1 17 <1 25 <1 33

<1

<1

<1

<1

<1

<1

50
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Appendix B: Table 3 (continued)

Type No: 33c 33b 33d 34b 35

No. Plots: (6) (4) (12) (1) (4)

D/C CON D/C CON D/C CON D/C CON D/C CON

Brickellia spp.

Brickellia betonieaefolia

Brickellia brachyphylla

Brickellia fendleri

Brickellia grandiflora <1 25 <1 25

Cacalia decomposita
Calliandra humllis <1 50 <1 8

Calliandra reticulata <1 25

Castilleja spp

Castilleja austromontana
Castilleja integra <1 17

Castilleja linariafolia

Cerastium spp. <1 25

Chamaesaracha coronopus <1 8

Cheilanthes fendleri

Chenopodium incisum

Cirsium spp. <1 8

Cirsium arizonicum

Cirsium wheeleri < 1 17 <1 42

Cirsium wrightii <1 25 <1 8

Cologania longifolia <1 50 <1 8 1 25

Cologania pulchella

Cologania spp. 30 25

Comandra umbellata s. pallida <1 17 <1 25

Commelina spp.

Commelina dianthifolia

Commelina erecta

Corallorhiza striata

Cystopteris fragilis

Desmanthus cooleyi <1 17

Desmodium sp.

Desmodium batocaulon

Desmodium grahami
Desmodium rosei

Draba helleriana

Drymaria tenella

Echinocactus spp.

Echinocereus spp.

Epilobium paniculatum <1 25

Erigeron spp. <1 25 <1 8

Erigeron caespitosus <1 17

Erigeron divergens <1 33 <1 50 <1 75 <1 100

Erigeron flagellaris

Erigeron formoslsslmus <1 8

Erigeron neomexlcanus <1 50

Erigeron nudiflorus <1 83 <1 25 <1 33 5 50

Erigeron oreophilus

Erigeron rusbyi

Erigeron speclosus <1 25

Eriogonum spp. <1 25

Eriogonum alatum <1 17 <1 25 <1 8

Eriogonum racemosum <1 100 <1 25 <1 83 <1 100

Euphorbia spp. <1 33 <1 8

Euphorbia brachycera

Euphorbia chamaesula
Euphorbia palmeri

Fragaria americana
Galactia wrightii

Galium spp.
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Appendix B: Table 3 (continued)

Type No:

No. Plots:

33c

(6)

D/C CON

33b

(4)

D/C CON

33d

(12)

D/C CON

34b

(1)

D/C CON

35

(4)

D/C CON

Galium asperrinum

Galium fenaieri

Galium microphyllum

Galium rothroekii

Galium wrightii

Gaura gracilis

Geranium caespitosum

Geranium ereophilum

Geranium richarasonli

Gilia aggregata
Gilia multiflora

Gilia polyantha

Gilia spp.

Gnaphalium spp.

Gnaphalium arizonicum

Gnaphalium macounii

Gnaphalium pringlei

Gnaphalium wrightii

Haploppappus spp.

Hedeoma spp.

Hedeoma dentatum
Hedeoma hyssopifolium

Hedeoma oblongifolium

Hedyotis pygmaea
Heliopsis parvifolia

Heterotheca fulcrata

Heuchera parvifolia

Hieracium spp.

Hieracium carneum
Hieracium fendleri

Hymenopappus filifolius lugens

Hymenothrix wrightii

Ipomea spp.

Ipomoea coccinea
Kuhnia rosmarinifolia

Lathyrus spp.

Lathyrus arizonicus

Lathyrus graminifolius

Lathyrus leucanthus

Lepedium spp
Lepedium desiflorum

Lepidium medium
Lesquerella intermedia

Leucelene ericoides

Linum aristatum

Linum lewisia

Linum neomexicanum
Linum puPerlum
Linum spp.

Lithosperum incisum

Lithosperum multiflorum

Lotus wrightii

Lotus spp.

Lupinus spp.

Lupinus argenteus

Lupinus blumeri

Lupinus hillii

Lupinus kingsii

Lupinus palmeri
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Appendix B: Table 3 (continued)

Type No:

No. Plots:

33c

(6)

D/C CON

33b

(4)

D/C CON

33d

(12)

D/C CON

34b

0)
D/C CON

35

(4)

D/C CON

Machaeranthera gracilis

Malaxis soulei

Mamalaria spp
Mamalarla arlzonlca

Melilotus officinalis

Mlrablls pumlla

Monarda spp.

Monarda menthafolla

Monarda pectlnata

Monotropa hypopitys

Oenothera spp.

Osmorhlza chilensis

Oxalls decaphylla

Oxalls greyi

Oxalis metcalfei

Oxybaphus spp.

Oxybaphus comatus
Pedicularis spp.

Pelleae spp
Pelleae atropurpurea

Pellaea wrightiana

Pennelia micrantha

Penstemon spp.

Penstemom barbatus

Penstemon linariodes

Penstemon oligonathus

Penstemom pseudospectabilis

Penstemon virgatus

Perityle ciliata

Phacelia spp
Phacelia heterophylla

Phaseolus spp.

Phaseolus wrlghtii

Phlox amabilis

Plantago patagonica
Plummera floribunda

Polemonium spp
Polygala alba

Polygala longa

Polygonum sawatchense
Potentilla spp.

Potentilla hippiana

Potentilla subviscosa

Potentilla visldula

Pseudocymopterus montanus
Psoralea tenuiflora

Pteridium aauilinum

Pterospora andromedea
Pyrola picta

Salvia arizonica

Saxifraga eriophora

Scrophularia parvifolia

Sedum griffthsii

Senecio eremophilus

Senecio multilobatus

Senecio neomexicanus
Senecio spartiodes

Senecio wootoni

Silene laciniata

<1 25
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<1 25

<1 25

2 25
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25
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Appendix B: Table 3 (continued)

Type No: 33c
No. Plots: (6)

D/C CON

33b 33d 34b 35

(4) (12) (1) (4)

D/C CON D/C CON D/C CON D/C CON

Sllene scouleri

Sisymbrium linearlfolium

Smllacina stellata

Solidago spp.

Solidago missourlensis

Solidago sparsiflora

Solidago wrlghtil

Sphaeralcea spp.

Sphaeralcea fendlerl

Stevia spp.

Stevia plummerae
Stevia serrata

Stelaria jamesiana

Taraxacum officinale

Thalictrum fendleri

Thelypodium longifolium

Thermopsis pinetorum

Townsendia exscapa
Tragia ramosa
Tragopogon pratensis

Trifolium pinetorum

Verbascum thapsus

Verbena spp
Verbena bipinnatifida

Vicia spp.

Vicia americana
Vicia pulchella

Viguiera annua
Viguiera multiflora

Viola canadensis

Wooasia mexicana

<1

<1

50

100

<1 25

<1 25

<1 50 <1

<1

<1 17

<1 17

<1

<1 25

<1 25

1 67
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25
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<1 100

25

75 <1
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<1 58 <1
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25
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Type No:

No. Plots:

36

(2)

D/C CON

37

(10)

D/C CON

38

(22)

D/C CON

39

(29)

D/C CON

39b

(5)

D/C CON

TREES
Abies concolor (yng. regen.)

Abies concolor (adv. regen.)

Acer grandidentatum (y. regen.)

Acer grandidentatum (a. regen.)

Acer negundo (mature)

Alnus oblongifolia (mature)

Arbutus arizonica (y. regen.)

Arbutus arizonica (a. regen.)

Arbutus arizonica (mature)

Fraxinus pennsylvanica (y.reg)

Fraxinus pennsylvanica (a.reg)

Fraxinus pennsylvanica (matur)

Juglans major (yng. regen.)

Juglans major (adv. regen.)

Juglans major (mature)

Juniperus aeppeana (y. regen.)

Juniperus deppeana (a. regen.)

Juniperus deppeana (mature)

Juniperus osteosperma (y. rg.)

Juniperus osteosperma (ad.rg.)

Juniperus scopulorum (y. rg.)

Juniperus scopulorum (adv.rg.)

18

9

100

100

9

100

100

50

50

1 3

1 10

1 10

1 10

5
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5
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4 64 16 79 11 100

2 14 8 66 5 100

1 9 1 14 3 40

100



Appendix B: Table 3 (continued)

Type No: 36 37 38 39 39b

No. Plots: (2) (10) (22) (29) (5)

D/C CON D/C CON D/C CON D/C CON D/C CON

Plcea engelmannll (yng. regen)

Pinus discolor (yng. regen.) 27 100 9 30 1

4

23 3 7

Plnus discolor (adv. regen.) 7 100 6 20 5 5 1 7

Plnus edulls (yng. regen.) 1 5 4 34 9 40

Plnus edulls (adv. regen.) 2 7 1 40

Plnus engelmannll (yng. regen) 3 9

Plnus engelmannll (adv. regen)

Pinus engelmannll (mature) 2 14

Plnus lelophylla (yng. regen.) 3 9

Plnus lelophylla (adv. regen.) 1 10 3 14

Plnus lelophylla (mature) 4 5

Plnus monophylla (yng. reg.)

Plnus monophylla (mature)

Plnus ponderosa (yng. regen.) 2 100 9 80 15 91 1

8

90 9 1 00

Plnus ponderosa (adv. regen.) 17 40 10 32 15 76 5 80

Pinus ponderosa (mature) 6 30 6 36 9 72 5 80

Pinus strobiformis (yng. reg.) 5 60 5 27

Pinus strobiformis (adv. reg.)
A
4 on30 2.

ooZO

Pinus strobiformis (mature) 2 10 2 9

Populus tremuloides (y. reg.)

Pseudotsuga menziesii (y. reg) 2
OA80 A

4 1 A
1

4

4 \ 4

Pseudotsuga menziesii (a. reg) 1 60 2 1 A
1

4

3 1 /

Pseudotsuga menziesii (mature) 1
on30 1 /

Quercus arizonica (y. regen.) 2 20 i n
1 U oooZ c

0 OO A4 onou

Quercus arizonica (a. regen.) 1
i n
1 0

7
/ 64 1 z i nn

1 UU c0 i nn
1 UU

Quercus arizonica (mature)
A
4

c
O 2. OO 0

o onou

Quercus chrysolepis (y. reg.)

Quercus chrysolepis (a. reg.)

Quercus emoryi (y. regen.) o
£.

o. 1o 1

1
1

onzu

Quercus emoryi (a. regen.)
oz i n

1 u 1
1

on

Quercus emoryi (mature) i 3 1 20

Quercus gambelii (y. regen.) 3 50 36 10 3 24

Quercus gambelii (a. regen.) 10 100 1 1

0

o
i.

0
o

Quercus gambelii (mature) 4 100 1

0
o

Quercus hypoleucoides (y.reg.)
/
0 1 UU 1 A

1 4 Anou ou i nn
1 UU i

i
i n

Quercus hypoleucoides (a. reg.)
1 O
1 0 50 onzu 01 AH 0o

Quercus hypoleucoides (mature) 1 1

0

1 1 4

Quercus rugosa (y. regen.) oozo i nn
I UU o 1 A

Quercus rugosa (a. regen.) 1 100 8 *7n/U Z D

Quercus rugosa (mature)

HR U BS
Acer grandidentatum 8 100

Agave spp.

Agave chrysantha
10Agave palmeri <1

Agave parryi <1 50 <1
AA
20 < 1

1 A
\ 4 1

0
0

Amelanchier oreophila

Amorpha fruticosa 2 50

Apocynum androsaemifolium

Arbutus arizonica 1 10 2 32 3 20

Arctostaphylos pringlei 2 10 <1 5 1 14

Arctostaphylos pungens 1 20 2 17

Artemisia tridentata

Baccharis thesioides <1 50 <1 5

Brickellia californica <1 10 <1 3

Carphochaete bigelovii <1 9

<1 20Ceanothus fendleri <1 50 <1 36 <1 52

Ceanothus greggii
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Appendix B: Table 3 (continued)

Type No: 36 37 38 39 39b
No. Plots: (2) (10) (22) (29) (5)

D/C CON D/C CON D/C CON D/C CON D/C CON

Cercocarpus montanus 1 50 1 10 <1 1

4

<1 14

Cowania mexicana <1 3

Fallugia paradoxa
Fraxinus pennsylvanica 4 100 <1 10 <1 9

Garrya flavescens <1 3

Garrya wrightii <1 50 <1 20 1 27 <1 31 <1 20

Gutirrezia lucida 2 7

Holodiscus dumosus <1 50 <1 10 <1 3

Hymenoxys richardsonii

Hymenoxys rusPyi

Lonicera spp. <1 3

Lonicera alPiflora <1 20

Lonicera arizonica

BerPeris repens <1 3

Mimosa Piuncifera

Nolina microcarpa <1 50 2 20 2 36 <1 10

Opuntia spp. <1 7

Opuntia plumPea <1 14

Opuntia spinosior <1 5 <1 3

Opuntia whiplei

Prunus serotina ssp. virens <1 10 <1 14

Prunus virginiana

Ptelea angustifolia <1 100 <1 1

4

Quercus arizonica 1 20 7 64 21 100 20 100

Quercus chrysolepis 2 5 <1 7

Quercus emoryi <1 5 1 55 <1 40

Quercus gamPelii 40 100 5 30 <1 14 <1 69

Quercus hypoleucoides 4 100 16 60 23 100 <1 1

4

Quercus rugosa 1 100 19 100 <1 55

Quercus turPinella <1 14

Rhamnus Petulaefolia <1 100 <1 27 <1 3 <1 20

Rhamnus crocea <1 5 < 1

1 7
1 /

Rhus aromatica 1 100 1 1

0

1 5 <1 3

Ribes cereum
Robinia neomexicana 8 50 1

1

20 <1 7

Rosa arizonica

Rosa woodsii

Rubus neomexicanus <1 50

Salix pseudocordata
Symphoricarpos oreophilus 20 100 <1 1 0 < 1 0 < 1

7

Symphoricarpos parishii <1 3

Symphoricarpos rotundifolius 1 3

Toxicodendron rydPergii <1 50 <1 5

Vitis arizonica <1 5 1 3 5 20

Yucca Paccata
Yucca schottii <1 14

GRAMINOIDS
Agropyron spp

1 10 13 14

Agropyron subsecundum <1 3

Schizachyrium spp. <1 3

Schizachyrium cirratum <1 7

Aristida spp. <1 20

Aristida fendleriana

Aristida orcuttiana <1 10 <1 9 <1 24 <1 20

Blepharoneuron tricholepis <1 10 <1 3

Bouteloua curtlpendula <1 50 <1 21 2 60

Bouteloua gracilis <1 14 22 100
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Appendix B: Table 3 (continued)

Type No: 36 37 38 39 39b

No. Plots: (2) (10) (22) (29) (5)

D/C CON D/C CON D/C CON D/C CON D/C CON

Bromus spp. <1 40

Bromus tectorum

Bromopsis richardsonii 3 50 <1 10 <1 23 <1 17

Bromopsis porteri 3 50 <1 20 <1 9

Carex spp. <1 20 <1 32 1 17 2 20

Carex geophlla 1 70 <1 36 1 66

Carex hoodii <1 3

Carex rossli <1 3

Cyperus spp. <1 20

Cyperus fendlerianus <1 3 <1 80

Cyperus rusbyi <1 10

Dactylis glomerata <1 3

Festuca arizonlca 3 10

Koeleria pyramidata 3 100 <1 30 2 41 1 62 <1 20

Lycurus phleoides

Muhlenbergia spp. <1 3

Muhlenbergia emersleyi <1 10 <1 5 2 7

Muhlenbergia fragilis <1 20

Muhlenbergia glauca <1 10

Muhlenbergia longiligula 8 100 1 30 4 77 2 79 <1 20

Muhlenbergia montana 4 10 2 3

Muhlenbergia racemisa

Muhlenbergia virescens 1 60 <1 55

Panicum bulbosum 2 50 <1 10 4 9 <1 17

Piptochaetium fimbriatum <1 10 <1 7 <1 20

Poa spp

Poa fendleriana 8 100 1 20 4 27 <1 62

Poa pratensis

Schizacharium scoparlum <1 3

Setaria grisebachii

Sitanion hystrix <1 100 <1 5 <1 69 5 60

Sporobolus spp
Sporobolus interruptus <1 3

Stipa columbiana <1 3

Stipa comata
Stipa pringlei 3 9 2 14

Stipa spp. <1 20

ORBS
Achillea millefolium <1 14 <1 40

Agoseris spp. <1 3

Amaranthus spp.

Ambrosia psilostachya <1 10 2 80

Antennaria spp.

Antennaria neglecta <1 14 <1 7

Antennaria parvifolla <1 5 <1 7

Antennaria rosulata

Anthericum torreyi <1 3

Arabis spp. <1 20

Arenaria spp. <1 3

Arenaria eastwoodiae
Arenaria lanuginosa <1 20 <1 10

Artemisia carruthii <1 5 <1 24

Artemisia dracunculoides <1 20

Artemisia ludoviclana 1 50 <1 20 <1 9 <1 21 4 40

Asclepias spp
Astragulus spp. <1 5 <1 10 <1 20

Astragalus cobrensls <1 5

Astragalus hallli
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Appendix B: Table 3 (continued)

Type No: 36 37 38 39 39b
No. Plots: (2) (10) (22) (29) (5)

n/c pom n/p PPlN n/p PPiM \mf\J IN n/p PPiKI

Astragulus numistratus < 1

7

Astrogolus recurvus
A c+ r/~i 1 1 ic tonhmrlQCMolKjyUlUo IcpMKJUfcrb -1< 1

7
/

Aster bigelovii
A P+/"1

* r /™\ r~r~\ r~Y""\ i i + + 1 i pMSTGi COITirnUTUTUS < 1
7 < i

MSTGi BXMIS

Bohia dissGCta < 1

on < 1 0 < 1 1 u

Bidsns hGrtGrospGrma < 1

i n
1 u

DiHanc 1 Chnn nn f~\n i iDlCJfc?ilo IC?iTllTIUiHI < 1

t;o

BrickGllio spp. < 1
i n
1 u

Dl IL. KcrlllU Ufc: 1 U 1 HcUo 1 UIIU ^1^ 1
i n
1 u

diickciiicj uruc nypnynu < 1

£LO

D 1 1 L. Is L- 1 M LJ 1 O 1 1 sj 1 C? 1
1 <] 5

R ri /"^ U^ 1 lim nmnH if lormDllL-KcrlUU yfUIIUMIUlU < 1 1 uu <. 1 o

CqcqNq dGComposito < 1 0

m 1 1 im n /H r /~i hi imilicL- UlilU! l(Ji U NUITllllo v 1

1 7
1 / ^ i

i nn

v_ sJ 1
1 IsJ I 1 Ul sJ 1 O 1 I

4— U 1 KJ 1 sJ 1 n
1 KJ <! 7

CastillGjo spp
CostillGjo oustromontono < 1

cO
/"i C+ i 1 l^i /~l i r~> t /*"v /"i r /-<

v^UoiiiiojvJ miyyiu ^ i

~l 20

v_Uo 1 lllfc?J(J III KJI IvJ 1 (JIKJ

orocti i inn coo

^-1 1UI I IUfc?oU 1 ULIIU v/UIUI lUpUo

L/nGMonTnGS tgmqign < 1 OU < 1

97

L^nenopoaiurn incisum < 1
i n
1 u

Cirsium spp. < 1

E, < 1

7
/ *^ 1

9n

Cirsiurn orizonicum < 1

5
o

< 1

c;o <] 20
f^ircii inn \A/ri/~ih+iiv^iioiui 1 1 w i iy iiiii 1 KJ

1 r*\ r\ i /™t 1 n /"i ifo 1 i/*i^oioyuniu lonyiioiiu < 1 o 1

4

<•] 40

^oiogama puicneiia < i

i n
1 u < 1

0Y

Cologania spp.

Comandro umbGllota s. pollida < i

on < 1
97 AU 94

Commelino spp.

Commelino dianthifolio ^ 1 O

L/UlT Hi lyill 1U UlfcJOlU

L/Oiuiior nizu stnqtq
f"* \ /cf/~\nfa ric fr/"ioilic^yolUpiUIlo llUylllo % i 5

Hpcmn nth i ic ^octlox/iL/t^ollH-JlllllUo LUUIU yi

Hocmrirlii im cnL/t?ol 1 IvJ^JiUI 1 1 o\J. <1 3

\~~\ s~\ c r\ i i inn H\/~it/™\/™* r~\ i ilnnUybi I HJUIUI 1 1 UCJIUCUUKJll

rifi^rnr»Hii inn nrnhnmii_/ c- oi i i^^jiui 1 1 yiv-ii iui i ii <1 7 <1 20

HDcrmnHii inn rncoiL-'ool 1 IvJvJIUI 1 1 l(Jot;l 3 20

UfUUU nollGNUMU i 5

Drymorio tGnGlla

tcninocacTus spp. <1 3

tcninocsreus spp. ^•1v i

tpiiODium panicuiQium

ErigGron spp.

Erigeron caespitosus

Erigeron divergens <1 24 <1 40

Erigeron flagellaris

Erigeron formosissimus

Erigeron neomexicanus <1 20 <1 5 <1 17

Erigeron nudiflorus <1 7 <1 20

Erigeron oreophilus <1 5

Erigeron rusbyi

Erigeron speciosus <1 10 <1 3

Eriogonum spp. <1 3 <1 20
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Appendix B: Table 3 (continued)

Type No: 36 37 38 39 39b

No. Plots: (2) (10) (22) (29) (5)

D/C CON D/C CON D/C CON D/C CON D/C CON

Eriogonum alatum

Eriogonum racemosum
<1

Euphorbia spp. <1 9 <1 3

Euphorbia brachycera <1 5

Euphorbia chamaesula <1 20 <1 5

Euphorbia palmeri <1 3

Fragaria amerlcana
Galactia wrightii <1 5

Galium spp. <1 5 <1 3

Galium asperrinum 1 100 <1 18 <1 3

Galium fendleri <1 30 <1 14

Galium microphyllum <1 14

Galium rothroekii <1 7

Galium wrightii <1 3

Gaura gracilis

Geranium caespitosum <1 100 <1 40 <1 9 <1 14

Geranium ereophllum <1 3

Geranium richardsonii

Gilia aggregata <1 10

Gilia multiflora <1 3

Gilia polyantha

Gilia spp. <1 20

Gnaphalium spp. <1 3

Gnaphalium arizonicum <1 10 <1 3

Gnaphalium macounil <1 20 <1 3

Gnaphalium pringlei

Gnaphalium wrightii <1 14

Haploppappus spp. <1 3

Hedeoma spp.

Hedeoma dentatum <1 7

Hedeoma hyssopifolium <1 40 <1 36 <1 10

Hedeoma oblongifollum <1 5 <1 3

Hedyotis pygmaea <1 10

Heliopsis parvifolla <1 5

Heterotheca fulcrata <1 10

Heuchera parvifolia <1 5

Hieracium spp. <1 5

Hieracium carneum <1 7

Hieracium fendleri <1 20 <1 18 <1 10

Hymenopappus filifolius lugens <1 10 <1 20

Hymenothrix wrightii

<1Ipomea spp. 3

Ipomoea coccinea
Kuhnia rosmarinifolia <1 3

Lathyrus spp. <1 5

Lathyrus arizonicus <1 50 <1 5 <1 3

Lathyrus graminifolius <1 10 <1 9 <1 3

Lathyrus leucanthus <1 3

Lepedium spp.

Lepedium desiflorum

Lepidium medium
Lesquerella intermedia

Leucelene ericoides

Linum aristatum

Linum lewisia

Linum neomexicanum
Linum puberlum
Linum spp.

Lithosperum incisum

<1 <1 10

<1 20

<1

<1

<1

<1

40

60

20

20

<1 20

<1

<1

20

20

<1 20
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Appendix B: Table 3 (continued)

Type No:

No. Plots:

36

(2)

37

(10)

38

(22)

39

(29)

39b

(5)

D/C CON D/C CON D/C CON D/C CON D/C CON

Lithosperum multiflorum <1 5

Lotus wrightii <1 20 <1 9 <1 24 <1 20

Lotus spp. <1 3 <1 20

Lupinus spp. <1 5 <1 20

Lupinus argenteus

Lupinus blumeri <1 5 1 3

Lupinus hillii

Lupinus kingsii

Lupinus palmeri <1 3

Machaeranthera gracilis <1 60

Malaxis soulei <1 9

Mamalaria spp. <1 3 <1 20

Mamalaria arizonica

Melilotus officinalis
1

Mirablis pumila

Monarda spp. <1 20

Monarda menthafolia <1 100

Monarda pectinata

Monotropa hypopitys <1 3

Oenothera spp. <1 5 <1 20

Osmorhiza chilensis

Oxalis decaphylla

Oxalis greyi

Oxalis metcalfei <1 50

Oxybaphus spp. <1 9

Oxybaphus comatus <1 20

Pedicularis spp. <1 7

Pelleae spp
Pelleae atropurpurea <1 5

Pellaea wrightiana <1 5

Pennelia micrantha <1 5 <1 3

Penstemon spp. <1 3

Penstemom barbatus <1 20 <1 9 <1 10 <1 20

Penstemon linariodes <1 10 <1 20

Penstemon ollgonathus

Penstemom pseudospectabilis 1 5

Penstemon virgatus

Perityle ciliata

Phacelia spp. <1 20

Phacelia heterophylla

Phaseolus spp. <1 7 <1 20

Phaseolus wrightii <1 9

Phlox amabllls <1 3

Plantago patagonica
Plummera floribunda <1 50 <1 7

Polemonium spp
Polygala alba <1 3

Polygala longa
60Polygonum sawatchense <1 17 <1

Potentilla spp. <1 20

Potentilla hlpplana

Potentilla subvlscosa

Potentilla vlsidula <1 10

Pseudocymopterus montanus <1 32 <1 10 <1 20

Psoralea tenulflora <1 20

Pterldium aaulllnum 3 30 <1 18 2 10

Pterospora andromedea <1 5 <1 3

Pyrola plcta

Salvia arizonica <1 30
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Appendix B: Table 3 (continued)

Type No:

No. Plots:

36

(2)

37

(10)

38

(22)

39

(29)

39b

(5)

D/C CON D/C CON D/C CON D/C CON D/C CON

Saxifraga eriophora

Scrophularia parvifolia <1 50 <1 5

Sedum griffthsii

Senecio eremophilus

Senecio multilobatus <1 3

Senecio neomexicanus <1 100 <1 10 <1 27 <1 45 <1 20

Senecio spartiodes

Senecio wootoni <1 5

Silene laciniata <1 50 <1 30
Silene scouleri

SisymPrium linearifolium <1 14 <1 3 <1 20
Smilacina stellata

Solidago spp. <1 7

Solidago missouriensis

Solidago sparsiflora 1 100 <1 10 <1 27 1 59
Solidago wrightii <1 30 <1 23 <1 7

Sphaeralcea spp. <1 3 <1 80
Sphaeralcea fendleri

Stevia spp. <1 10

Stevia plummerae
Stevia serrata <1 10 <1 5

Stelaria jamesiana

Taraxacum officinale <1 20

Thalictrum fendleri 2 50 <1 40 <1 23 <1 10

Thelypodium longifolium <1 3

Thermopsis pinetorum <1 3

Townsendia exscapa
Tragia ramosa <1 5 <1 10 <1 40
Tragopogon pratensis <1 20

Trifolium pinetorum

VerPascum thapsus

Verbena spp. <1 10

Verbena bipinnatifida <1 3

Vicia spp. <1 10 <1 5

Vicla americana <1 50 <1 30 <1 5 <1 3

Vicia pulchella <1 20 <1 5

Viguiera annua <1 20
Viguiera multiflora <1 10 <1 5 <1 3

Viola canadensis <1 7

Woodsia mexicana <1 50 <1 5

Type No: 40 41

No. Plots: (19) (12)

D/C CON D/C CON

TREES
Abies concolor (yng. regen.) 4 5

Abies concolor (adv. regen.)

Acer grandidentatum (y. regen.) 1 5

Acer grandidentatum (a. regen.)

Acer negundo (mature)

Alnus oblongifolia (mature)

Arbutus arizonlca (y. regen.)

Arbutus arizonica (a. regen.)

Arbutus arizonica (mature)

Fraxlnus pennsylvanica (y.reg)

Fraxinus pennsylvanica (a.reg)

Fraxinus pennsylvanica (matur)

Juglans major (yng. regen.) 4 16
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Appendix B: Table 3 (continued)

Type No:

No. Plots:

40

(19)

D/C CON

41

(12)

D/C CON

Juglans major (adv.regen.)

Juglans major (mature)

Junlperus deppeana (y. regen.)

Juniperus deppeana (a. regen.)

Junlperus deppeana (mature)

Junlperus osteosperma (y. rg.)

Junlperus osteosperma (ad.rg.)

Junlperus scopulorum (y, rg.)

Junlperus scopulorum (adv.rg.)

Plcea engelmannll (yng. regen)

Plnus discolor (yng. regen.)

Plnus discolor (adv. regen,)

Plnus edulls (yng. regen.)

Pinus edulis (adv. regen.)

Pinus engelmannii (yng. regen)

Pinus engelmannii (adv. regen)

Pinus engelmannii (mature)

Pinus leiophylla (yng. regen.)

Pinus leiophylla (adv. regen.)

Pinus leiophylla (mature)

Pinus monophylla (yng. reg.)

Pinus monophylla (mature)

Pinus ponderosa (yng. regen.)

Pinus ponderosa (adv. regen.)

Pinus ponderosa (mature)

Pinus strobiformis (yng. reg.)

Pinus strobiformis (adv. reg.)

Pinus strobiformis (mature)

Populus tremuloides (y. reg.)

Pseudotsuga menziesii (y. reg)

Pseudotsuga menziesii (a. reg)

Pseudotsuga menziesii (mature)

Quercus arizonica (y. regen.)

Quercus arizonica (a. regen.)

Quercus arizonica (mature)

Quercus chrysolepis (y. reg.)

Quercus chrysolepis (a. reg.)

Quercus emoryi (y. regen.)

Quercus emoryi (a. regen.)

Quercus emoryi (mature)

Quercus gambelii (y. regen.)

Quercus gambelii (a. regen.)

Quercus gambelii (mature)

Quercus hypoleucoides (y.reg.)

Quercus hypoleucoides (a. reg.)

Quercus hypoleucoides (mature)

Quercus rugosa (y. regen.)

Quercus rugosa (a. regen.)

Quercus rugosa (mature)

SHRUBS
Acer grandidentatum
Agave spp.

Agave chrysantha

Agave palmeri

Agave parryi

Amelanchier oreophila

Amorpha fruticosa

Apocynum androsaemifolium

20 79 7 83

3 63 4 67

2 11 1 33

1 5

3 32 5 50

1 1

1

3 8

1 8

3 8

15 89 15 83

1 7 84 9 75

9 74 6 67

2 11 2 8

2 1

1

1 5

8 74 9 75

12 79 9 75

2 63 1 33

3 8

3 8

10 79 13 75

8 89 1

1

92

1 16 2 17

2 11

3 16

10 8

2 8

3 5

1 5

<1 5

<1 5

<1 8

<1 25

1 8

2 8
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Appendix B: Table 3 (continued)

Type No: 40 41

No. Plots: (19) (12)

D/C CON D/C CON

Arbutus arizonica

< i o p0 00

Arctostaphylos pungGns < i 4z Zo
"7 C

ArtGmisio tridentoto
D j^i Hi /~i rip + H\ esc i /™\ iH qpDUCCllUlli) IfltJblUIUtJb

DlluKC/lilvJ CvJlHUilHOU

CarphochoGte bigGlovii < i

c0 < 1

Q0

L^GOnOTnus TGnQiGri < i < 1 0/

CGonothus grGggii
f""* £i r /»> f~\ /-^ r r-\ i ip r~Y~\ /~\ r~l n 1 |C^olOUOvJipUo ITlUlllUnUS) < i oz < i

Cowonio mGxicono
roiiuyio paraooxa
Pr/^ivlni ic nanncuK/nnlmrl U M II U o
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<3 1 1 1 lo y 1 V tj

1 1
1 L. LJ

ounyu wnyiiin < i
s 1< 1 / 0

\Z7 U M 1 1 il 1 I U L- 1 LJ LJ

LJ /-\ 1 /-v zH I c i ic Hi imnci icnUIUUIoLUo UU'llUoUo
|_| \ /pnQnAv\/c rl^h/*ir/Hc/^nllnyi i it?i ivjAyo ) ioi lui UoUi in

nyiiioinjAyo luouyi

Loniceru spp.

LUNIL-cMU UIUIMUIU < i O

LUI IlLclU (JIIZUIHCU 1
1

00

IVI II 1 IvOU U 1 U 1 1 *w 1
1

I LJ 1 1
1 1

rJUMMU 1 1 IILy 1 (JUUI |JL1
i
i
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01 < 1 zo
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1
1

Q
0

Rlbes cereum
Robinla neomexlcana <1 11

Rosa arizonica

Rosa woodsii

Rubus neomexicanus
Salix pseudocordata
Symphoricarpos oreophilus <1 5

Symphoricarpos parishli

Symphoricarpos rotundlfolius

Toxicodendron rydbergii

Vitis arizonica <1 16

Yucca baccata <1 5 <1 8

Yucca schottii <1 8

GRAMINOIDS
Agropyron spp
Agropyron arizonicum
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Appendix B: Table 3 (continued)

Type No:

No. Plots:

40

(19)

D/C CON

41

(12)

D/C CON

Agropyron subsecundum
Schizachyrium spp
Schizachyrium cirratum

Aristida spp.

Aristida fendleriana

Aristida orcuttiana

Blepharoneuron tricholepis

Bouteloua curtipendula

Bouteloua gracilis

Bromus spp.

Bromus tectorum

Bromopsis richardsonii

Bromopsis porteri

Carex spp.

Carex geophila

Carex hoodii

Carex rossii

Cyperus spp.

Cyperus fendlerianus

Cyperus rusbyi

Dactylis glomerata

Festuca arizonica

Koeleria pyramidata

Lycurus phleoides

Muhlenbergia spp

Muhlenbergia emersleyi

Muhlenbergia fragilis

Muhlenbergia glauca
Muhlenbergia longiligula

Muhlenbergia montana
Muhlenbergia racemisa

Muhlenbergia virescens

Panicum bulbosum
Piptochaetium fimbriatum

Poa spp
Poa fendleriana

Poa pratensis

Schizacharium scoparium

Setaria grisebachii

Sitanion hystrix

Sporobolus spp
Sporobolus interruptus

Stipa columbiana
Stipa comata
Stipa pringlei

Stipa spp.

<1

<1

<1

<1

<1

6

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

26

26

21 <1

16

53 <1 25

5 1 8

5

21 <1 33

5

16

79 4 17

5 <1 8

5

5

58 2 33

<1 8

47 <1 25

F O R B S

Achillea millefolium

Agoseris spp
Amaranthus spp.

Ambrosia psilostachya

Antennaria spp.

Antennaria neglecta

Antennaria parvifolia

Antennaria rosulata

Anthericum torreyi

Arabls spp.

Arenaria spp.

<1

<1

<1

11

<1
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Appendix B: Table 3 (continued)

Type No: 40 41

No. Plots: (19) (12)

D/C CON D/C CON

Arenaria eastwoodlae
Arenarla lanuginosa

Artemisia carruthii

Artemisia dracunculoides

Artemisia ludoviciana

Asclepias spp
Astragulus spp.

Astragalus coPrensis

Astragalus hallii

Astragulus humistratus

Astragalus recurvus

Astragalus tephrodes

Aster Pigelovli

Aster commutatus
Aster exilis

Bahia dissecta

Bidens herterosperma

Bidens lemmonii

Brickellia spp.

Brickellia Petonieaefolia

Brickellia Prachyphylla

Brickellia fendleri

Brickellia grandiflora

Cacalia decomposlta
Calliandra humilis

Calliandra reticulata

Castilleja spp.

Castilleja austromontana
Castilleja integra

Castilleja linariafolia

Cerastium spp
Chamaesaracha coronopus
Cheilanthes fendleri

Chenopodium incisum

Cirsium spp.

Cirsium arizonicum

Cirsium wheeleri

Cirsium wrightii

Cologania longifolia

Cologania pulchella

Cologania spp.

Comandra umbellata s. pallida

Commelina spp.

Commelina dianthifolia

Commelina erecta

Corallorhiza striata

Cystopteris fragills

Desmanthus cooleyi

Desmodium sp.

Desmodium batocaulon

Desmodium grahami
Desmodium rosel

DraPa helleriana

Drymaria tenella

Echinocactus spp.

Echinocereus spp.

Epilobium paniculatum

Erigeron spp.

Erigeron caespltosus

<1 11 <1 33

<1 16

<1 5 <1 33

<1 5 <1 8

<1 5 <1 25

<1 21

<1 5 <1 8

<1 5

<1 8

<1 5

<1 5 <1 8

<1 26

<1 5

<1 37 3 8

<1 11

<1 5

<1 5

<1 5
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Appendix B: Table 3 (continued)

Type No: 40 41

No. Plots: (19) (12)

D/C CON D/C CON

geron divergens <1 1

7

geron flagellaris

geron formosissimus

geron neomexicanus <1 11 <1 8

geron nudiflorus <1 1

1

geron oreophilus

geron rusbyi

geron speciosus

ogonum alatum

ogonum racemosum
Euphorbia spp.

Euphorbia brachycera

Euphorbia chamaesula
Euphorbia palmeri

Fragaria americana
Galactia wrightii

Galium spp. <1 11

Galium asperrinum <1 5

Galium fendleri <1 5

Galium microphyllum <1 11

Galium rothroekii

Galium wrightii

Gaura gracilis

Geranium caespitosum <1 11 <1 8

Geranium ereophilum <1 11

Geranium richardsonii

Gilia aggregata <1 33

Gilia multiflora

Gilia polyantha

Gilia spp.

Gnaphalium spp v

Gnaphalium arizonicum

Gnaphalium macounii <1 11

Gnaphalium pringlei

Gnaphalium wrightii

Haploppappus spp.

Hedeoma spp.

HeOeoma Oentatum <1 8

Hedeoma hyssopifolium <1 5

Hedeoma oblongifolium

Hedyotis pygmaea
Heliopsis parvifolia

Heterotheca fulcrata <1 17

Heuchera parvifolia

Hleracium spp.

Hieraclum carneum
Hleracium fendleri <1 25

Hymenopappus fllifollus lugens

Hymenothrlx wrightii

Ipomea spp
Ipomoea coccinea <1 5

Kuhnla rosmarinlfolla <1 11

Lathyrus spp.

Lathyrus arlzonicus <1 8

Lathyrus graminifolius <1 5

Lathyrus leucanthus <1 11

Lepedium spp

Lepedlum desiflorum

Lepidium medium
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Appendix B: Table 3 (continued)

Type No:

No. Plots:

40

(19)

D/C CON

41

(12)

D/C CON

Lesquerella intermedia

Leucelene ericoides

Linum aristatum

Linum lewisia

Linum neomexicanum
Linum puberlum
Linum spp.

Lithosperum incisum

Lithosperum multiflorum

Lotus wrightii

Lotus spp.

Lupinus spp.

Lupinus argenteus

Lupinus blumeri

Lupinus hillil

Lupinus kingsii

Lupinus palmeri

Machaeranthera gracilis

Malaxis soulei

Mamalaria spp
Mamalaria arizonica

Melilotus officinalis

Mlrablis pumila

Monarda spp.

Monarda menthafolia

Monarda pectinata

Monotropa hypopitys

Oenothera spp.

Osmorhiza chilensis

Oxalls decaphylla

Oxalis greyi

Oxalis metcalfei

Oxybaphus spp.

Oxybaphus comatus
Pedicularis spp.

<1

1

<1

<1

<1

<1

<1

Phaseolus wrlghtll

Phlox amabllls

Plantago patagonica
Plummera floribunda

Polemonlum spp
Polygala alba

Polygala longa

Polygonum sawatchense
Potentllla spp.

Potentilla hippiana

<1

8

37

<1

<1

25

25

<1 17

Pelleae spp. <1 5

Pelleae atropurpurea <1 5

Pellaea wrightiana

Pennelia micrantha

Penstemon spp. <1 16 <1 17

Penstemom barbatus <1 11 <1 8

Penstemon linariodes <1 11 <1 17

Penstemon oligonathus

Penstemom pseudospectabilis

Penstemon vlrgatus <1 11 <1 8

Perltyle clllata <1 8

Phacella spp
Phacella heterophylla <1 8

Phaseolus spp. <1 8

21 <1 17
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Appendix B: Table 3 (continued)

Type No: 40 41

No. Plots: (19) (12)

D/C CON D/C CON

Potentilla subviscosa

Potentilla visidula

Pseudocymopterus montanus
Psoralea tenuiflora

Pteridium aquilinum

Pterospora andromedea
Pyrola picta

Salvia arizonica

Saxifraga eriophora

Scrophularia parvifolia

Sedum griffthsii

Senecio eremophilus

Senecio multilobatus

Senecio neomexicanus
Senecio spartiodes

Senecio wootoni

Silene laciniata

Silene scouleri

Sisymbrium linearifolium

Smilacina stellata

Solidago spp.

Solidago missouriensis

Solidago sparsiflora

Solidago wrightii

Sphaeralcea spp
Sphaeralcea fendleri

Stevia spp.

Stevia plummerae
Stevia serrata

Stelaria jamesiana
Taraxacum officinale

Thalictrum fendleri

Thelypodium longifolium

Thermopsis pinetorum

Townsendia exscapa
Tragia ramosa
Tragopogon pratensis

Trifolium pinetorum

Verbascum thapsus

Verbena spp
Verbena bipinnatifida

Vicia spp.

Vicia americana
Vicia pulchella

Viguiera annua
Viguiera multiflora

Viola canadensis

Woodsia mexicana

<1 5 <1 8

<1 5

2 11

<1 5 <1 8

<1 42 <1 67

1 5

<1 5

<1 11

<1 5

<1 74 <1 75

<1 17

<1 5 <1 8

<1 11

<1 5

<1 5

<1 5

<1 5
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Table 4. Species average density (D) or cover (C) and constancy (CON) for the for the Plnus engelmannli and Plnus lelophylla series.

Type No. 42=Pinus engelmannii/Quercus rugosa HT

Type No, 43=Pinus engelmannii/Quercus hypoleucoides HT

Type No. 44a=Pinus engelmannii/Muhlenbergia longiligula HT M. longiligula PH

Type No. 44b=Pinus engelmannii/Muhlembergia longiligula HT Quercus arizonlca PH

Type No. 44c=Pinus engelmannii/Muhlenbergia longiligula HT Quercus emoryi PH

Type No. 45=Pinus leiophylla/Quercus hypoleucoides HT

Type No. 46=Plnus leiophylla/Quercus arlzonica HT

Type No. 47=Plnus leiophylla/Quercus emoryi HT

Type No. 48=Pinus leiophylla/Piptochaetium fimbriatum HT

Type No. 49=Pinus leiophylla/Arctostaphylos pungens HT

Type No: 42 43 44a 44b 44c

No. Plots: (1) (6) (1) (1) (1)

D/C CON D/C CON D/C CON D/C CON D/C CON

5 83 4 100 8 100 5 100

1 17 25 100 3 100

5 100

3 50 3 100 8 100 38 100

5 100

39 100

1 100

6 83 5 100 1 100 8 100

3 67 2 100 5 100 14 100

5 100 2 100 5 100 5 100

4 50 8 100

2 50 1 100

3 17

TREES
Arbutus arizonica (y. regen.) 1 17

Arbutus arizonica (a. regen.) 2 100 4 17

Arbutus arizonica (mature)

Juniperus deppeana (y. regen.)

Juniperus deppeana (a. regen.)

Juniperus deppeana (mature)

Pinus discolor (yng. regen.)

Plnus discolor (adv. regen.)

Pinus edulis (yng. regen.)

Pinus edulis (adv. regen.)

Pinus engelmannii (yng. regen)

Pinus engelmannii (adv. regen) 1 100

Pinus engelmannii (mature) 3 100

Pinus leiophylla (yng. regen.)

Pinus leiophylla (adv. regen.)

Pinus leiophylla (mature)

Pinus ponderosa (yng. regen.)

Pinus ponderosa (adv. regen.)

Pinus ponderosa (mature)

Pinus strobiformis (yng. reg.) 1 17

Platanus wrightii (yng. regen.)

Platanus wrightii (adv. regen.)

Platanus wrightii (mature)

Pseudotsuga menziesii (y. reg) 3 1

7

Pseudotsuga menziesii (a. reg)

Quercus arizonica (y. regen.) 13 100 2 33

Quercus arizonica (a. regen.) 4 100 6 50 5 100

Quercus arizonica (mature) 1 17

Quercus emoryi (y. regen.) 4 100

Quercus emoryi (a. regen.) 27 100

Quercus emoryi (mature) 1 100

Quercus hypoleucoides (y. reg.) 28 100 39 100

Quercus hypoleucoides (a. reg.) 8 100 41 100

Quercus hypoleucoides (mature)

Quercus rugosa (y. regen.) >1 00 100 1 17

Quercus rugosa (a. regen.) 1 100 1 17

SHRUBS
Agave spp.

Agave palmeri

Agave parryl

Arbutus arizonica 2 100 1 50

Arctostaphylos prlnglei

Arctostaphylos pungens
Baccharls thesloides <1 100

Bouvadla glaberrlma <1 17

Brlckellla californica
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Appendix B: Table 4 (continued)

Type No:

No. Plots:

42

(1)

43

(6)

D/C CON D/C CON

44a

(1)

D/C CON

44b

(1)

D/C CON

44c

0)
D/C CON

Carphochaete bigelovii

Ceanothus fendleri

Ceanothus greggii

Cercocarpus montanus
Dasylirion wheeleri

Dalea wislizeni

Fallugia paradoxa
Fendlera rupicola

Fraxinus pennsylvanica

Garrya wrightii

Juglans major

Juniperus deppeana (shrubs)

Lonicera arizonica

Mimosa biuncifera

Mimosa grahamii

Nolina microcarpa
Opuntia spp.

Opuntia engelmannli

Opuntia plumbea
Opuntia splnoslor

Platanus wrightii

Prunus spp.

Prunus serotlna ssp. virens

Ptelea angustlfolia

Quercus arizonica

Quercus emoryl

Quercus gambelll

Quercus hypoleucoldes

Quercus rugosa

Quercus toumeyl

Quercus turblnella

Rhamnus betulaefolla

Rhus aromatlca

Rhus chorlophylla

Robinla neomexlcana
Selloa glutlnosa

Toxicodendron rydbergll

Vitls arizonica

Yucca baccata
Yucca schottli

<1

<1

<1

<1

<1

<1

10

80

<1

100

100

100

100

<1

<1

40

<1

<1

<1

17

33

17

17

<1 100

50

17

83

33

17

100

17

17

33

100

100

<1

<1

<1

100

100

100

100

<1

100

100

<1 100

<1 33

<1

<1

<1

2

<1

100

100

100

100

100

100

<1

40

100

100

<1

100

100

GRAMINOIDS
Agropyron arizonicum

Agropyron desertorum

Schizachyrium spp
Schizachyrium cirratum

Schizachyrium hirtiflorus

Aristida spp.

Aristida orcuttiana

Blepharoneuron tricholepis

Bouteloua barbatus

Bouteloua curtipendula

Bouteloua gracilis

Bouteloua hirsuta

Bromopsis richardsonii

Bromopsis porteri

Carex spp.

Carex geophila

Cyperus spp.

<1

<1

<1

<1

17

17

100

<1

<1

100

17 <1 100

100

33 <1 100 <1 100
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Appendix B: Table 4 (continued)

Type No:

No. Plots:

42

(1)

D/C CON

43

(6)

D/C CON

44a

(1)

D/C CON

44b

(1)

D/C CON

44c

(1)

D/C CON

Cyperus rusbyi

Eragrostis intermedia

Koeleria pyramidata

Muhlenbergia emersleyi

Muhlenbergia glauca

Muhlenbergia longiligula

Muhlenbergia minutissima

Muhlenbergia montana
Muhlenbergia virescens

Oryzopsis micrantha

Panicum bulbosum
Piptochaetium fimbrlatum

Poa fendleriana

Schizacharium scoparium

Setaria grisebachll

Sltanion hystrix

Sporobolus Interruptus

Stipa prlnglel

FORBS
Achillea millefolium

Allium kunthil

Antennarla arlda

Antennarla parvlfolla

Antherlcum torreyl

Arabls spp.

Arabls trlcornuta

Artemisia carruthll

Artemisia ludovlclana

Artemisia spp.

Ascleplas tuberosa

Astragulus spp
Astragalus cobrensls

Astragalus tephrodes

Bahla dlssecta

Bldens herterosperma

Boerhaavla spp.

Brlckellla spp.

Brlckellia betonleaefolla

Brlckellla grandlflora

Brlckellia lemmonl
Cacalla decomposlta
Calllandra humllls

Calllandra reticulata

Calliandra schottli

Cheilanthes fendleri

Chenopodium fremontii

Cologania longifolia

Cologania pulchella

Comandra umbellata s. pallida

Commelina spp.

Commelina dianthifolia

Conopholis mexicana
Dalea leporina

Desmodium sp.

Desmodium arizonicum

Desmodium batocaulon
DesmoOium grahaml
DesmoOium rosei

<1

2

12 100

1

<1

<1

17

33

100

17

33

1

5

25

10

<1

100

100

100

100

100

22 100 100

100

<1 17

<1 17 <1 100

:1 17 <1 100

<1 100

:1 100

<1 17

<1 33

<1 17

:1 100

<1 100

<1 100

<1 100

17

<1 17
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Appendix B: Table 4 (continued)

Type No:

No. Plots:

42

(1)

43

(6)

D/C CON D/C CON

44a

(1)

D/C CON

44b

(1)

D/C CON

44c

(1)

D/C CON

Draba sp.

Erigeron divergens

Erigeron neomexicanus
Erigeron nudiflorus

Erigeron oreophilus

Eriogonum pharnaceoides
Eriogonum wrightii

Euphorbia spp.

Euphorbia brachycera

Euphorbia revoluta

Galium spp.

Galium asperrinum

Galium fendleri

Galium microphyllum

Galium rothroekii

Gentianella microcalyx

Geranium caespitosum

Gilia macombii
Gilia multiflora

Gnaphalium spp
Gnaphalium arizonicum

Gnaphalium chilense

Gnaphalium pringlei

Gnaphalium wrightii

Gutierrezia glutinosa

Hedeoma dentatum
Hedeoma hyssopifolium

Hedeoma oblongifolium

Hedyotis pygmaea
Heliopsis parvifolia

Heterotheca fulcrata

Hieracium carneum
Hieracium fendleri

Hymenopappus filifolius lugens

Hymenothrix wrightii

Ipomea spp

Ipomoea coccinea
Kuhnia rosmarinifolia

Lathyrus graminifolius

Leucelene ericoides

Linum neomexicanum
Lotus oroboides

Lotus wrightii

Lupinus blumeri

Malaxis soulei

Monarda spp
Monarda pectinata

Oxalis decaphylla

Oxybaphus spp.

Oxytropus lambertii

Pelleae atropurpurea

Pennelia micrantha

Penstemon spp
Penstemom barbatus

Penstemom pseudospectabilis

Penstemon virgatus

Perezia spp
Phaseolus spp.

Phaseolus acutifollus

<1 33

<1 100

<1 100 <1 100

<1 100 <1 100

<1 100

:1 100

1 17 1 100

<1 100

:1 33 <1 100

<1 17

<1 100

<1 17

<1 100
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Appendix B: Table 4 (continued)

Type No:

No. Plots:

42

0)
D/C

43

(6)

CON D/C CON

44a 44b 44c

0) 0) (l)

D/C CON D/C CON D/C CON

Phaseolus angustissimus

Phaseolus wrightii

Plummera floribunda

Polygala longa

Polygala obscura
Polygonum sawatchense
Pseudocymopterus montanus
Salvia lemmoni
Scrophularia parvifolia

Senecio eremophilus

Senecio neomexicanus
Senecio wootoni

Sisymbrium linearifolium

Solidago spp.

Solidago sparsiflora

Solidago wrightii

Stevia plummerae
Stevia serrata

Taraxacum officinale

Thalictrum fendleri

Theiypodium longifolium

Thermopsis pinetorum

Townsendia exscapa
Tradescatia pinetorum

Verbena bipinnatifida

Vicia americana
Viguiera dentata
Viguiera multiflora

<1 100

<1

<1

<1

<1

<1

<1

<1

17

33

17

17

17

17

17

<1 100

<1

100

100

<1

<1

<1

<1

100

100

100

<1 100

Type No:

No. Plots:

45

(9)

46

(10)

47

(6)

48

(7)

49

(9)

D/C CON D/C CON D/C CON D/C CON D/C CON

TREES
Arbutus arizonica (y. regen.)

Arbutus arizonica (a. regen.) 3 44 1 17

Arbutus arizonica (mature) 1 11 1 10

Juniperus deppeana (y. regen.) 3 89 8 100 5 100 17 86 4 78

Juniperus deppeana (a. regen.) 4 44 3 80 4 67 12 71 2 56

Juniperus deppeana (mature) 2 11 2 30 2 71 1 22

Pinus discolor (yng. regen.) 15 67 33 70 12 83 9 86 4 44

Pinus discolor (adv. regen.) 5 11 6 60 2 50 1 43 3 22

Pinus edulis (yng. regen.)

Pinus edulis (adv. regen.)

Pinus engelmannii (yng. regen) 3 29

Pinus engelmannii (adv. regen) 3 11 3 14

Pinus engelmannii (mature) 2 29

Pinus leiophylla (yng. regen.) 6 78 5 80 6 100 10 100 9 100

Pinus leiophylla (adv. regen.) 10 100 6 80 5 100 5 100 10 100

Pinus leiophylla (mature) 6 100 3 90 3 100 3 100 3 100

Pinus ponderosa (yng. regen.) 21 11 14 30 21 33 22 56

Pinus ponderosa (adv. regen.) 11 11 11 30 9 17 6 56

Pinus ponderosa (mature) 1 11 1 10 2 17 1 33

Pinus strobiformis (yng. reg.)

Platanus wrightii (yng. regen.) 3 14

Platanus wrightii (adv. regen.) 1 14

Platanus wrightii (mature) 3 29

Pseudotsuga menziesii (y. reg) 1 11 2 20

Pseudotsuga menziesii (a. reg) 1 11 1 10
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Appendix B: Table 4 (continued)

Type No: 45 46 47 48 49

No. Plots: (9) (10) (6) (7) (9)

D/C CON D/C CON D/C CON D/C CON D/C CON

Quercus arizonica (y. regen.) 2 56 3 60 2 83 3 29 4 44

Quercus arizonica (a. regen.)
7
1 ov 11 1 UU Q0 Q OOO QO 1 UU 4 33

Quercus arizonica (mature) 1 11 4 40 1 17 2 100 1 22

Quercus emoryi (y. regen.) 2 33 2 30 6 83 1 29 1 22

Quercus emoryi (a. regen.) 2 33 2 30 12 83 2 43 5 33

Quercus emoryi (mature) 6 50 1 14

Quercus hypoleucoides (y.reg.) 42 100 11 90 5 67 28 57 19 44

Quercus hypoleucoides (a.reg.) 22 89 7 60 4 67 8 29 17 33

Quercus hypoleucoides (mature) 1 11

Quercus rugosa (y. regen.)

Quercus rugosa (a. regen.)

SHRUBS
Agave spp. <1 11 <1 11

Agave palmeri <1 17 <1 14 <1 11

Agave parryi <1 44 <1 30 <1 33 <1 14 <1 11

Arbutus arizonica 3 44 3 10 <1 11

Arctostaphylos pringlei <1 22 4 20 1 17 8 56

Arctostaphylos pungens 2 44 3 40 8 83 <1 43 17 89

Baccharis thesioides

Bouvadia glaberrima <1 14

Brickellia californica <1 11

Carphochaete bigelovii <1 44 2 17 <1 44

Ceanothus fendleri <1 22 <1 40 1 17 <1 14 3 33

Ceanothus greggii <1 14

Cercocarpus montanus 3 10 <1 17

Dasylirion wheeleri <1 11

Dalea wislizeni <1 10 <1 11

Fallugia paradoxa
Fendlera rupicola <1 22

Fraxinus pennsylvanica <1 11 <1 10 <1 14

Garrya wrightii <1 33 <1 50 1 33 1 29 <1 33

Juglans major <1 14

Juniperus deppeana (shrubs) <1 11 <1 20 3 33 <1 67

Lonicera arizonica <1 10 <1 11

Mimosa biuncifera <1 33 <1 11

Mimosa grahamii <1 10

Nolina microcarpa 2 44 6 60 6 50 <1 14 1 33

Opuntia spp. <1 11 <1 30 <1 14 <1 11

Opuntia engelmannii <1 10

Opuntia plumbea <1 11 <1 20 <1 33

Opuntia spinosior <1 33 <1 29

Platanus wrightii 8 29

Prunus spp. <1 10

Prunus serotina ssp. vlrens 3 57 1 11

Ptelea angustifolia <1 14

Quercus arizonica 4 100 23 100 7 100 17 100 4 67

Quercus emoryi 3 33 1 50 17 100 3 71 2 44

Quercus gambelli <1 20 <1 22

Quercus hypoleucoides 26 100 10 80 4 83 12 71 15 44

Quercus rugosa <1 11 2 14

Quercus toumeyi 1 11 5 17 6 22

Quercus turbinella 10 17

Rhamnus betulaefolia 3 20 2 71 <1 11

Rhus aromatica <1 44 2 50 1 50 6 86 2 22

Rhus choriophylla <1 11 1 17 1
14' <1 11

Robinia neomexicana <1 10 1 14

Selloa glutinosa <1 10 <1 14

Toxicodendron rydbergil <1 14
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Appendix B: Table 4 (continued)

Type No: 45 46 47 48 49

No. Plots: (9) (10) (6) (7) (9)

D/C CON D/C CON D/C CON D/C CON D/C CON

Vitis arizonica <1 10 2 86 1 11

Yucca baccata 1 11

Yucca schottii <1 33 1 60 1 17 <1 57 <1 33

GRAMINOIDS
Agropyron arizonicum

Agropyron desertorum <1 22

Schizachyrium spp. <1 10

Schizachyrium cirratum <1 22 <1 30 4 67 <1 44

Schizachyrium hirtiflorus 1 17

Aristida spp. <1 17

Aristida orcuttiana <1 44 <1 60 4 83 <1 86 3 78

Blepharoneuron tricholepis <1 33

Bouteloua barbatus <1 22

Bouteloua curtipendula 1 50 2 71 <1 11

Bouteloua gracilis <1 17 1 14

Bouteloua hirsuta <1 17 <1 11

Bromopsis richardsonii <1 11

Bromopsis porteri <1 10 <1 29

Carex spp. <1 10 2 43 <1 56

Carex geophila <1 44 2 50 1 33 <1 22

Cyperus spp. <1 14

Cyperus rusbyi <1 14 <1 33

Eragrostis intermedia <1 17

Koeleria pyramidata <1 40 3 33 <1 33

Muhlenbergia emersleyi 2 22 <1 10 6 83 8 14 5 22

Muhlenbergia glauca 2 14

Muhlenbergia longiligula 6 89 11 90 18 83 2 86 5 67

Muhlenbergia minutissima <1 14

Muhlenbergia montana <1 44

iviuiiifcMiuJdyiij vii couci 1 o < i
1

1

<1 ] i

Oryzopsis micrantha 7 17

Panicum bulbosum <1 11 <1 30 <1 17 3 43 1 11

Piptochaetium fimbriatum <1 11 <1 60 <1 17 40 100 <1 11

Poa fendleriana <1 20 <1 33 <1 44

Schizacharium scoparium <1 33

Setaria grisebachii <1 14

Sitanion hystrix <1 10 <1 22

Sporobolus interruptus <1 10

Stipa pringlei 4 17 <1 14

FO R BS
Achillea millefolium 1 14

Allium kunthll <1 11 <1 10

Antennarla arlda

Antennarla parvlfolla <1 10 <1 11

Antherlcum torreyl <1 10

Arabls spp. <1 29

Arabls trlcornuta <1 17

Artemisia carruthll < 1 1

1

< 1 1 U

Artemisia ludoviciana <1 11 <1 17 <1 29

Artemisia spp. <1 17

Asclepias tuberosa <1 10

Astragulus spp. <1 11 <1 10

Astragalus cobrensls <1 29 <1 11

Astragalus tephrodes <1 11

Bahia dissecta <1 11 <1 50 <1 33

Bidens herterosperma <1 14

Boerhaavia spp. <1 10
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Appendix B: Table 4 (continued)

Type No: 45 46 47 48 49
No. Plots: (9) (10) (6) (7) (9)

D/C CON D/C CON D/C CON D/C CON D/C CON

Brickellia spp. <1 11

Brickellia betonieaefolia <1 10 <1 17

Brickellia grandiflora <1 1

1

<1 10 <1 29
'

Brickellia lemmoni <1 1

1

<1 10 <1 17 <1 43

Cacalia decomposita <1 1

1

1 14

Calliandra humilis <1 20 <1 17 <1 14

Calliandra reticulata <1 22 <1 20 <1 17 1 29 <1 56

Calliandra schottii <1 1

1

<1 1

1

Cheilanthes fendleri <1 33 <1 30 <1 33 <1 22

Chenopodium fremontii <1 17

Cologania longifolia <1 1

1

<1 20 <1 17 5 14 <1 11

Cologania pulchella <1 11

Comandra umbellata s. pallida <1 20 <1 17 <1 33

Commelina spp.

Commelina dianthifolia <1 1

0

<1 1

4

<1 1

1

Conopholis mexicana <1 10

Dalea leporina <1 10

Desmodium sp. <1 10

Desmodium arizonicum <1 29

Desmodium batocaulon <1 14

Desmodium grahami <1 1 7 <1 29

Desmodium rosei <1 22 <1 20 <1 43 <1 1

1

Draba sp. <1 11

Erigeron divergens <1 44

Erigeron neomexicanus <1 1

1

<1 20 <1 17 <1 14 <1 22

Erigeron nudiflorus 1 14

Erigeron oreophilus <1 1

1

Eriogonum pharnaceoides <1 1

1

Eriogonum wrightii <1 1 7

Euphorbia spp. <1 11

Euphorbia brachycera <1 17 <1 29

Euphorbia revoluta <1 14

Galium spp. <1 1

7

Galium asperrinum <1 11 <1 29

Galium fendleri <1 11

Galium microphyllum <1 1

1

<1 10 <1 57

Galium rothroekii <1 1

1

Gentianella microcalyx <1 14

Geranium caespitosum <1 14

Gilia macombii <1 14

Gilia multiflora <1 33

Gnaphalium spp. <1 1

1

Gnaphalium arizonicum <1 10 <1 33 <1 14 <1 33

Gnaphalium chilense <1 10

Gnaphalium pringlei <1 1

1

<1 10

Gnaphalium wrightii <1 22 <1 30 <1 17 <1 29 <1 11

Gutierrezia glutinosa <1 20

Hedeoma dentatum <1 11 <1 10

Hedeoma hyssopifolium <1 22 1 10 <1 1 7 <1 14 <1 56
HpHponnn ohlnnnifoliunn <1 1 7

Hedyotis pygmaea <1 10

Heliopsis parvifolia <1 10 <1 14

Heterotheca fulcrata <1 17 <1 11

Hieracium carneum <1 10

Hieracium fendleri <1 11 <1 14 <1 33

Hymenopappus filifolius lugens <1 33

Hymenothrix wrightii <1 17

Ipomea spp. <1 14

Ipomoea coccinea <1 14
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Appendix B: Table 4 (continued)

Type No: 45 46 47 48 49

No. Plots: (9) (10) (6) (7) (9)

D/C CON D/C CON D/C CON D/C CON D/C CON

Kuhnla rosmarlnlfolla <1 1

1

<1 i n V | 1 7 1

4

Lcthyrus Qromlnlfollus «;!

i pM^oione erlcoides *~
i

00

Linum nsomsxiconunn <1 22 <1 \j\J 1
1 7
1 / ^ i

00

1 ntiK nrnhnlrlps <1 1 1

1 nti is wrlnhtll <1 on ^1^ i oo
1 i mini k hli imprl <1 1 }

Molaxls soulel <1 1

4

Monnrda son v i
1 4

Monardc pectinate

Oxalls decaDhvlla
1

09

^ i 1 1

Oxytropus lambertii <] 1

1

<1 10

Polleoo atropurpuroc <T 1

1

Pennelio microntha <1 1

1

Penstemon spp. <1 33
PGnstGmom borbatus <1 22 <1 10 <1 14 <1 22

Penstemom pssudospectabllis 3 1

7

Psnstemon virgatus <1 1

7

Perezio sdd 1

1

Phaseolus spp. <1 14

Phaseolus acutlfollus <1 14

Phaseolus angustissimus <1 14

Phaseolus wrinhtiii i i uju Vw/ iuo ii i ly i 1 1 1

1

<1 22 <1 10 <1 43 <1 22

Plummera floribunda <1 10 <1 1

7

Polygala longa <1 1

1

<1 20

Polygala obscura <1 1

7

Polygonum sawatchense <1 1

1

P<;ptjdnovmontpfi is montnnusI Jw \J y I I iu lv. 1 ^ I v_i o II iu 1 1 1 >wi I I VJO <1 10

Solvio iGmmoni <1 10

Sprnnhulnrin nnrvifnlin <1 1

1

Sftnfiplo prpmonhiliK <1 10

Senecio neomexicanus <1 44 <1 50 <1 67 <1 57 <1 67

Senecio wootoni <1 1

1

<1 14

Sisymbrium linecrlfolium <1 1

1

<1 10 <1 17 <1 44

Solidago spp. <1 14

Solidago sparslflora <1 1

1

1 30 1 44

Solidaao wrinhtii <1 1

0

<1 1

7

5 1

4

<1 1

1

Stevia plummerae <1 14

Stevia serrata <1 11 <1 10 <1 14

Taraxacum officinale <1 14

Thalictrum fendlerl <1 29

Thelypodium longifolium

Thermopsls pinetorum <1 11

Townsendla exscapa <1 11

Tradescatla pinetorum <1 14

Verbena bipinnatlfida <1 20 <1 33

Vicia amerlcana
Vlgulera dentata 1 17 2 14

Vlgulera multlflora <1 11 <1 17 <1 14 <1 11
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APPENDIX C

Tree Successions Status

Successional status of canopy (table la) and subcanopy (table 2b) trees within forest habitat types south of

the Mogollon Rim in Arizona.

C = Major Climax Species S = Major Successional Species

c = Minor Climax Species s = Minor Successional Species

a = Accidental

Values in parentheses refer to species that could potentially be present based on literature, which have not

been recorded in the present study.

See text table 2 for habitat type abbreviations and Appendix A for species acronym definitions.

Table la. Succesional status of canopy trees within forest habitat types south of the Mogollon Rim.

Species

Habitat

type PIEN ABLA PIPU ABCO PSME PIST PIPO PINEN PILE POTRI

PIEN/MOSS C a (s)

PIEN/CAFO C a (s)

PIEN/ACGL c c C s s

PIEN/EREX c c c c s s S

ABLA/Moss c C s (s)

ABLA/VAMY c C (s) (s)

ABLA/VAMY-RUPA c C (s) (S)

ABLA/RUPA c c (s) (S)

ABLA/EREX c c (s) (s) s (s) s

ABLA/JAAM c s S s

PIPU/FEAR c a C (c) c s s s

PIPU/JUCO c C (s) C s s

PIPU/EREX c C (c) C (s) s (S)

ABCO/VAMY C C c s

ABCO/CAFO a c C C s s s

ABCO/BERE C C s (s) s

ABCO/ACGL a C C s (s) S

ABCO/EREX
VAAR ph C c s s (S)

ABCO/QUGA C c S s s

ABCO/ACGR C c c s

ABCO/JUMA C c s

PSME/Sparse c c c

PSME/MUVI c c c c

PSME/MUMO c s s

PSME/QUGA a c s s

PSME/ACGR c s

PSME/QURU (a) c s s

PSME/QUHY a c a s

PSME/QUAR a c c
PIPO/FEAR C (s)

PIPO/MUVI (a) c C
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Appendix C: Table la (continued)

Species

Habitat

type PIEN ABLA PIPU ABCO PSME PIST PIPO PINEN PILE POTRI

PIPO/MUMO (a) c

PIPO/QUGA
QUGA ph a c C
BOGR ph C
PIED ph c
MULO ph c

PIPO/BOGR
BOGR ph C
ARTR ph C

PIPO/JUMA a C
PIPO/ACGR c
PIPO/QURU a c c a
PIPO/QUHY a c c a a
PIPO/QUAR
QUAR ph a c
BOGR ph c

PIPO/QUEM a c
PIPO/ARPU a c a
PINEN/QURU (a) C
PINEN/QUHY C s

PINEN/MULO
MULO ph c

QUAR ph c s

QUER ph c a
PILE/QUHY a c C

PILE/QUAR a c C

PILE/QUEM c C
PILE/PIFI (c) c C
PILE/ARPU c C
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TABLE 1 b. Succeslonal status of subcanopy trees within forest habitat types south of the Mogollon Rim.

Habitat

type PIDI PIED JUDE JUOS JUSC QUGA QURU QUHY QUAR QUEM JUMA ACGL ACGR

PIEN/Moss

PIEN/CAFO
PIEN/ACGL C
PIEN/EREX

ABLA/Moss
ABLA/VAMY
ABLA/VAMY-RUPA
ABLA/RUPA
ABLA/EREX
ABLA/JAAM
PIPU/FEAR

PIPU/JUCO
PIPU/EREX

ABCO/ACGL C
ABCO/QUGA s S

ABCO/ACGR s s C
ABCO/BERE
ABCO/EREX
VAAR ph s

ABCO/CAFO
ABCO/JUMA s S

ABCO/VAMY S

PSME/Sparse s

PSME/MUVI a a a
PSME/MUMO
PSME/QUGA s S S S

PSME/QURU a a S s a

PSME/QUHY S S a S S S

PSME/QUAR s s a S

PSME/ACGR s s s S S s C
PIPO/FEAR

PIPO/MUVI a s S s s

PIPO/QUGA
QUGA ph a a c S a a

BOGR ph s c c S a

PIED ph c c c S

MULO ph s c S a s a
PIPO/BOGR
BOGR ph c c c a s

ARTR ph ccs
PIPO/QURU s a a C c a

PIPO/QUHY s c a a C S

PIPO/QUAR
QUAR ph c c C a (a) a C c

BOGR ph c C C s

PIPO/QUEM c C a C C
PIPO/ARPU (c) c C a a c c

PIPO/JUMA s c (s) s s s S

PIPO/MUMO c c c s

PIPO/ACGR s s s c C
PINEN/QURU CCS
PINEN/QUHY C C a C C

PINEN/MULO
MULO ph c c a (a)

QUAR ph c C C
QUEM ph C c C

PILE/QUHY C C Ccs
PILE/QUAR C C c C s

PILE/QUEM C C C C C
PILE/ PIFI C C S S s s

PILE/ARPU C C C C C
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APPENDIX D

Key to the Forest Series and Habitat Types of Southern Arizona

and Portions of the Colorado Plateau

When identifying habitat types in the field, the

descriptive text descriptions, and Appendix tables,

as well as this Key will be useful in for determining

the correct type. Ideally, since the classification was
developed using mature, late serai or climax, mini-

mally disturbed stands, identification of habitat types

using the keys and text descriptions is best achieved

through examining undisturbed vegetation. How-
ever, habitat types can usually be identified even in

serai stands by noting the relative reproductive suc-

cess of the species present, or by comparison with

adjacent mature stands having similar topographic

and edaphic features (Arno 1982; Pfister et al. 1977).

Field identification of habitat types using this re-

port can best be accomplished in the following way:

1 . Locate a portion of the stand that best represents

the typical vegetation. The tree canopy should

be mature and the undergrowth should not be

severely disturbed. Extrapolation from the near-

est mature stand occupying a similar site may
be necessary in some disturbed areas.

2. Note mature trees and the status of their repro-

duction by species within the stand. Reference to

trees in the key primarily concerns regeneration

since habitat types are based on "potential" cli-

max, not necessarily current vegetation conditions.

3. Accurately identify the dominant shrub and
herb species within the stand, and estimate the

cover of each. Note the presence of indicator

species given in the key that may exhibit only

minor coverage in the sampled stand.

4. Note the physical setting of the stand including

elevation, aspect, percent slope, landform, and
soil depth and coarse fragment content.

5. Identify the habitat type by following the di-

chotomous key.

6. If difficulty arises in habitat type identification,

compare the stand with the synoptic descriptions

and with the species frequency and cover tables

given for the series and types in question. Then

decide which best fits the stand characteristics.

7. The key provided here is comprehensive for the

Tonto, Prescott and Coronado National Forests;

and the Fort Apache, San Carlos and Hualapai

Indian Reservations.

8. If it becomes apparent that an undescribed habi-

tat type has been found, the stand should be

measured thoroughly and its precise location

given to the U.S. Forest Service regional ecolo-

gist. Terms used in the key to describe canopy

coverage are defined below. In stands where
dense shading or heavy litter accumulation has

resulted in an unusually sparse undergrowth, ad-

just apply the next lower coverage class in the key.

Absent—individuals are not found in the habi-

tat type (opposite = present).

Present—is an associate of the habitat type.

Accidental—individuals are very infrequent, oc-

casional, or limited to special microsites.

Abundant—canopy coverage > 25%.

Common—canopy coverage > 1%.

Dominant—density or cover is as great as, or greater

than, any other species of the same life form.

Luxuriant—canopy coverage > 50%.

Poorly-represented—canopy coverage < 5%.

Scarce—canopy coverage < 1% (opposite =

common).
Well represented—canopy coverage > 5%.
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Appendix D (continued)

Series Key

1 . P/ceo pungens present, neither accidental nor serai; density of P/cea pungens
regeneration over twice that of either P/cea engelmannl! or Abies laslocarpa P/cea pungens Series

7. P/cea pungens absent, accidental or serai; density of P/cea pungens regeneration

less than twice that of either P/cea engelmannii or Abies laslocarpa 2

2. P/cea engelmannii and/or Abies lasiocarpa climax, regeneration

clearly not accidental P/ceo engelmannii or Abies laslocarpa Series

2. P/cea engelmannii or Abies lasiocarpa absent, scarce, or minor regeneration

relative to other conifers 3

3. Abies concolor present and reproducing successfully; usually codominant with

Pseudotsuga menziesii Abies concolor Series

3. Abies concolor absent, scarce, or minor relative to other conifers 4

4. Pseudotsuga menziesii present and reproducing successfully; sometimes codominant
with Pinus strobiformis Pseudotsuga menziesii Series

4. Pseudotsuga menziesii scarce or absent 5

5. Pinus leiophylla or Pinus engelmannii present and reproducing successfully Plnus engelmannii or Pinus lelophylla Series

5. Pinusleiophylla orP/nus elmannii absent or scarce Plnus ponderosa Series

Habitat Type Keys

See table 2 of text for definitions of habitat type abbreviations used in the key.

P/ceo engelmanii and Abies lasiocarpa Series

1 . Abies lasiocarpa present and successfully reproducing 2

1 . Abies lasiocarpa scarce or absent 7

2. Vaccinium myrtillus well represented 3

2. Vaccinium myrtillus poorly represented or absent 4

3. Rubus parviflorus well represented ABLA/VAMY-RUPA HT

3. Rubus parviflorus poorly represented or absent ABLA/VAMY HT

4. Jamesia americana well represented ABLA/JAAM HT

4. Jamesia americana poorly represented or absent 5

5. Rubus parviflorus well represented ABLA/RUPA HT

5. Rubus parviflorus poorly represented or absent 6

6. Erigeron eximius well represented ABLA/EREX HT

6. Erigeron eximius poorly represented ABLA/Moss HT

7. Acer glabrum well represented PIEN/ACGL HT

7. Acer glabrum poorly represented 8

8. Undergrowth relatively well-developed; at least one species common 9

8. Vascular plant undergrowth very sparse; no species common PIEN/Moss HT

9. Undergrowth dominated by forbs, Erigeron eximius usually well represented PIEN/EREX HT

9. Undergrowth graminoid dominated, Carex foenea usually well represented PIEN/CAFO HTP/ceo pungens Series

1. Juniperus communis well represented PIPU/JUCO HT
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Appendix D (continued)

1 . Junlperus communis absent or scarce 2

2. Undergrowth dominated by perennial forbs, luxuriant PIPU/EREX HT

2. Undergrowth clearly domlnateO by grasses, Festuca arlzonlca well represented PIPU/FEAR HT

Abies concolor Series

1. Vacclnlum myrflllus well represented ABCO/VAMY HT

1 . Vacclnlum myrtlllus poorly represented or absent 2

2. Acer grandldentatum well represented ABCO/ACGR HT

2. Acer grandldentatum poorly represented or absent 3

3. Acer glabrum well represented; the dominant shrub ABCO/ACGL HT

3. Acer glabrum poorly represented or absent; not dominant 4

4. Juglans major, Acer negundo, or Fraxlnus pennsylvanlca common, alluvial terraces ABCO/JUMA HT

4. Juglans major, Acer negundo, or Fraxlnus pennsylvanlca absent or minor, land forms

other than alluvial terrace 5

5. Quercus gambelll well represented ABCO/QUGA HT

5. Quercus gambelll poorly represented or absent 6

6. Undergrowth very sparse; total vascular plcnt cover low ABCO/BERE HT

6. Unaergrowth herbaceous, luxuriant or Carex foenea well represented 7

3. Undergrowth graminoid domlnatea, rex foenea abunaant ABCO/CAFO HT

3. Undergrowth forb dominated, Valeriana spp. or Erlgeron exlmlus well represented,

Carex foenea less than 25% cover; not dominant ABCO/EREX HT

Pseudotsuga menzlesil Series

1 . Acer grandldentatum well represented PSME/ACGR HT

1. Acer grandldentatum poorly represented or absent 2

2. Muhlenbergla vlrescens well represented PSME/MUVI HT

2. Muhlenbergla vlrescens poorly represented or absent 3

3. Quercus species common 4

3. Quercus species scarce or absent 7

4. Quercus gambelll well represented; the dominant oak PSME/QUGA HT

4. Quercus gambelll poorly representea or absent; not dominant 5

5. Quercus rugose well representee; the dominant oak PSME/QURU HT

5. Quercus rugosa poorly represented or absent; not dominant 6

6. Quercus hypoleucoldes well represented PSME/QUHY HT

6. Quercus hypoleucoldes poorly represented or absent PSME/QUAR HT

7. Muhlenbergla montana well represented PSME/MUMO HT

7. Muhlenbergla montana poorly represented or absent; very low vascular plant cover PSME/SPARSE HT
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Appendix D (continued)

Plnus ponderosa Series

1 .Acer grandidentatum well represented PIPO/ACGR HT

1 . Acer grandidentatum poorly represented or absent 2

2. Juglans major well represented; semiriparian forests of alluvial flats and benches PIPO/JUMA HT

2. Juglans major poorly represented; nonriparian forests 3

2>.Arctostaphylos spp. well represented PIPO/ARPU HT

3. Arctostaphylos spp. poorly represented or absent 4

4. Festuca arizonica common PIPO/FEAR

4. Festuca arlzonlca absent or scarce 5

5. Muhlenbergla virescens well represented PIPO/MUVI HT

5. Muhlenbergia virescens poorly represented or absent 6

6. Quercus species poorly represented or absent 7

6. Quercus species well represented 8

7. Muhlenbergia montana well represented; the dominant grass PIPO/MUMO HT

7. Muhlenbergia montana poorly represented or absent; not do Camlnant PIPO/BOGR HT

8. Quercus gambelil well represented PIPO/QUGA HT

8. Quercus gambelii poorly represented or absent 9

9. Bouteloua gracilis well represented PIPO/BOGR HT

9.Bouteloua gracilis uncommon or absent 10

1 0. Quercus rugosa well represented PIPO/QURU HT

1 0. Quercus rugosa poorly represented or absent 11

1 1 .Quercus hypoleucoldes well represented; the dominant oak PIPO/QUHY HT

1 1 .Quercus hypoleucoldes poorly represented and subdominant, or absent 12

12. Quercus emoryi well represented PIPO/QUEM HT

1 2. Quercus emoryl poorly represented or absent PIPO/QUAR HT

Plnus engelmanll and Plnus lelophylla Series

1 . Arctostaphylos species well represented; the dominant shrubs PILE/ARPU HT

1 . Arctostaphylos species poorly represented and subdominant, or absent 2

2. Piptochaetlum fimbrlatum well represented PILE/PIFI HT

2. Piptochaetlum fimbrlatum poorly represented 3

3. Plnus engelmannil present and reproducing successfully 4

3. Plnus engelmannil absent or scarce 6

4. Quercus rugosa well represented PINEN/QURU HT

4, Quercus rugosa poorly represented or absent 5

5. Quercus hypoleucoldes well represented; the dominant oak PINEN/QUHY HT

5. Quercus hypoleucoldes poorly represented and subdomnlnat, or absent PINEN/MULO HT

6. Quercus hypoleucoldes well represented; the dominant oak PILE/QUHY HT

6. Quercus hypoleucoldes poorly represented and subdominant, or absent 7

6. Quercus emoryl well represented PILE/QUEM HT

6. Quercus emoryl poorly represented or absent PILE/QUAR HT
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Range Experiment Station

The Rocky Mountain Station is one of seven
regional experiment stations, plus the Forest

Products Laboratory and the Washington Office

Staff, that make up the Forest Service research

organization.

RESEARCH FOCUS

Research programs at the Rocky Mountain
Station are coordinated with area universities and
with other institutions. Many studies are

conducted on a cooperative basis to accelerate

solutions to problems involving range, water,

wildlife and fish habitat, human and community
development, timber, recreation, protection, and
multiresource evaluation.

RESEARCH LOCATIONS

Research Work Units of the Rocky Mountain
Station are operated in cooperation with

universities in the following cities:

Albuquerque, New Mexico
Flagstaff, Arizona

Fort Collins, Colorado*

Laramie, Wyoming
Lincoln, Nebraska

Rapid City, South Dakota

'Station Headquarters: 240 W. Prospect Rd., Fort Collins, CO 80526


